
 

 
 

BMJ Open is committed to open peer review. As part of this commitment we make the peer review 
history of every article we publish publicly available.  
 
When an article is published we post the peer reviewers’ comments and the authors’ responses online. 
We also post the versions of the paper that were used during peer review. These are the versions that 
the peer review comments apply to.  
 
The versions of the paper that follow are the versions that were submitted during the peer review 
process. They are not the versions of record or the final published versions. They should not be cited or 
distributed as the published version of this manuscript.  
 
BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of 
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees 
(http://bmjopen.bmj.com).  
 
If you have any questions on BMJ Open’s open peer review process please email 

info.bmjopen@bmj.com 

http://bmjopen.bmj.com/
info.bmjopen@bmj.com


For peer review only
Long COVID symptoms in Israeli children with and without 

a history of SARS-CoV-2 infection: a cohort study

Journal: BMJ Open

Manuscript ID bmjopen-2022-064155

Article Type: Original research

Date Submitted by the 
Author: 27-Apr-2022

Complete List of Authors: Adler, Limor; Tel Aviv University Sackler Faculty of Medicine, Department 
of Family Medicine; Maccabi Healthcare Services, Health Division
Israel, Moran; Maccabi Healthcare Services, Health Division
Yehoshua, Ilan; Maccabi Healthcare Services, Health Division; Ben-
Gurion University of the Negev, Department of Family Medicine
Azuri, Joseph; Tel Aviv University Sackler Faculty of Medicine, Family 
Medicine; Maccabi Healthcare Services,  Health Division
Hoffman, Robert; Tel Aviv University Sackler Faculty of Medicine, 
Department of Family Medicine; Maccabi Healthcare Services,  Health 
Division
Shahar, Arnon; Maccabi Healthcare Services, Health Division
Mizrahi Reuveni, Miri ; Maccabi Healthcare Services, Health Division
Grossman, Zachi; Ariel University; Maccabi Healthcare Services,  Health 
Division

Keywords: COVID-19, EPIDEMIOLOGY, PAEDIATRICS, PRIMARY CARE

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open



For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/


For peer review only

1

Long COVID symptoms in Israeli children with and without a history of SARS-

CoV-2 infection: a cohort study

Limor Adler1,2, MD; Moran Israel2, PhD; Ilan Yehoshua2,3, MD; Joseph Azuri1,2, MD; 

Robert Hoffman1,2, MD; Arnon Shahar2, MD; Miri Mizrahi Reuveni2, MD; Zachi 

Grossman,4,2 MD. 

1. Department of Family Medicine, Sackler Faculty of Medicine, Tel Aviv 

University, Tel Aviv, Israel

2. Health Division, Maccabi Healthcare Services, Tel Aviv, Israel

3. Department of Family Medicine, Ben-Gurion University of the Negev, Beer 

Sheva, Israel

4. Adelson School of Medicine, Ariel University, Ariel, Israel 

Corresponding Author: Limor Adler, Hamered 27 st. Tel Aviv, Israel. Tel: +972-

351-43947, E-mail: adler_l@mac.org.il. 

Word count: 2,396

Page 2 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

2

ABSTRACT

Objectives To estimate the prevalence of long-COVID symptoms in children with 

and without a history of SARS-CoV-2 infection and to evaluate factors associated 

with long-COVID. 

Design A nationwide cohort study

Setting Primary care 

Participants 3,240 parents of children aged 5-18 with and without SARS-CoV-2 

infection completed an online questionnaire (11.9% response rate); 1,148 and 2,092 

with/without a history of infection, respectively.

Primary and secondary outcome measures Primary outcome was the prevalence of 

long-COVID symptoms in children with/without a history of infection. Secondary 

outcomes were the factors associated with the presence of long-COVID symptoms 

and with failure to return to baseline health status in children with a history of 

infection including gender, age, time from illness, symptomatic illness and vaccine 

status.

Results

Most long-COVID symptoms were more prevalent in children with a history of 

SARS-CoV-2 infection; headaches (18.4% vs. 5.4%, PV<0.001), weakness (15.1% 

vs. 3.3%, PV<0.001), fatigue (12.3% vs. 6.4%, PV<0.001), and abdominal pain (9.5% 

vs. 3.8%, PV<0.001). Most long-COVID symptoms in children with a history of 

SARS-CoV-2 infection were more prevalent in the older age group (12-18) compared 

to the younger age group (5-11). Some symptoms were more prevalent in children 

without a history of SARS-CoV-2 infection, including attention problems with school 

malfunctioning (10.8% vs. 8.5%, PV=0.05), stress (9.1% vs. 5.7%, PV<0.001), social 

problems (7.8% vs. 2.8%), and weight changes (6.8% vs. 3.7%, PV<0.001) 
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Conclusion

This study suggests that the prevalence of long-COVID symptoms in children with a 

history of SARS-CoV-2 infection is high and is more prevalent in adolescents than in 

young children. Some of the symptoms, mainly somatic symptoms, were more 

prevalent in children without a history of SARS-CoV-2 infection, highlighting the 

impact of the pandemic itself rather than the infection. 
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Strengths and limitations of this study

 A nationwide coverage of participants. 

 A relatively large number of participants with a broad age range (5 to 18 years 

old).

 A comparison of children with or without a history of SARS-CoV-2 infection. 

 A relatively low response rate (11.9%) which may cause a selection bias.

 The responses were from a proxy (the parent) rather than the child itself.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has emerged in 

December 2019 and was declared a pandemic by the WHO in March 2020. Evidence 

emerged slowly but consistently about persistent symptoms following infection and 

the WHO defined the Post-COVID-19 condition (also known as long-COVID) in 

October 2021. (1) Reports were first made for adults,(2–4) and later evidence started 

to emerge regarding the existence of long-COVID in children and adolescents; the 

first scientific report came from Sweden with a case series by Ludvigsson, who 

followed five children with a potential long COVID syndrome.(5) First reports were 

primarily descriptive, with relatively small sample sizes and without a control 

group.(6) 

Behnood et al. performed a meta-analysis of controlled and uncontrolled studies 

regarding long-COVID in children and adolescents.(7) Among all studies, only five 

were controlled studies.(8–12) They found a higher prevalence of cognitive 

difficulties, headache, loss of smell, sore throat, and sore eyes in test-positive 

children. However, symptoms like abdominal pain, cough, fatigue, myalgia, insomnia, 

diarrhea, fever, dizziness, or dyspnea were not significantly increased in test-positive 

children in this study. Controversy later emerged when some of the largest studies 

about long-COVID in children and adolescents reported different results of 

prevalence of at least one long-COVID symptom with ranges varying between 1.8% 

to 61.9%.(8–11,13) 

This study aimed to estimate the prevalence of long-COVID symptoms in Israeli 

children with and without a history of SARS-CoV-2 infection and evaluate factors 

associated with long-COVID and failure to return to baseline health status. 
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METHODS 

Study design and setting

We designed a nationwide cohort study using the centralized database of Maccabi 

Healthcare Services (MHS), the second-largest healthcare maintenance organization 

in Israel, which covers 2.6 million citizens and provides a representative sample of the 

Israeli population. We sent an online questionnaire using text messages to parents of 

children aged 5-18 years old with a positive Polymerase Chain Reaction (PCR) test 

for SARS-CoV-2 one to six months before data collection. In addition, we sent the 

questionnaire to a control group of parents of children with no positive PCR results 

(with a ratio of 1:2). We asked parents to choose one child per family and answer the 

questionnaire according to his or her health status (The questionnaire is available as a 

supplementary file). Informed consent was given via the online questionnaire. 

Variables

Demographic and medical variables included age, sex, native-born, height, weight, 

and the presence of any chronic illness (including diabetes mellitus, asthma, 

inflammatory disease, oncologic disease, anxiety, or depression). COVID-19-related 

variables included details about the acute illness, including the date of illness, 

presence of any symptoms (without mentioning which ones), whether the child was 

admitted to a hospital due to COVID-19, and if so, whether oxygen supply was 

warranted, and vaccination status against COVID-19. The last section included 

questions regarding the presence of Long-COVID symptoms (including physical and 

mental health symptoms) and asked parents whether the overall health status of their 

children is worse, the same, or better than their baseline health status. The 

questionnaire was created by the authors of this study related to most symptoms 

reported in the literature. 

Page 7 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

7

Statistical analysis

Sample size calculations – to show a difference of relatively rare symptoms, we 

assumed a prevalence of 0.5% in children without and 3.5% in children with a history 

of SARS-CoV-2 infection. To show a significant difference with a power of 80% and 

alpha of 5% with a 2:1 ratio, we needed at least 275 in children with, and 550 in 

children without a history of SARS-CoV-2 infection. We assumed a prevalence of 5% 

in children without and 10% in children with a history of SARS-CoV-2 infection for 

more prevalent symptoms. In the same terms, we needed at least 341 in children with 

and 682 in children without a history of SARS-CoV-2 infection. 

Descriptive statistics were used for all variables, with absolute numbers and 

percentages for categorical variables and mean and standard deviation for continuous 

variables. First, we performed univariate analysis to all long-COVID symptoms and 

compared children with and without a history of SARS-CoV-2 infection using the chi-

square test. We then performed the same analysis with age stratification (ages 5-11 

and 12-18). Next, we performed two sets of multi-variable tests to examine which 

factors were associated with having at least one long-COVID symptom and which 

factors were associated with worse health status than baseline health status. Both 

analyses were made using a logistic regression analysis with two blocks, the first 

using the ENTER approach for baseline characteristics and the FORWARD approach 

for more elaborated variables. Last, we performed a univariate analysis of the 

differences between parents of children who did and did not answer the questionnaire. 

We used the Statistical Package for Social Sciences (SPSS) software version 28 for 

data analysis. 

Ethics statement

The MHS Institutional Review Board (IRB) approved this study (ID 0169-20-MHS).
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Patient and public involvement

No patients involved. 

RESULTS

Study population 

In December 2021 and January 2022, we sent the online questionnaire to 27,240 

parents of children (8,550 of parents had at least one child with a history of SARS-

CoV-2 infection). 3,240 parents answered the questionnaire and agreed to participate 

in the study (11.9% response rate). Of all respondents, 1,148 children had a history of 

SARS-CoV-2 infection, and 2,092 children had no history of SARS-CoV-2 infection. 

The average age of children with and without a history of SARS-CoV-2 infection was 

10.8 and 9.5, with 63.7% and 61.3% females, respectively (Table 1). 

Table 1. Characteristics of children with and without a history of SARS-CoV-2 

infection

Children with a history 

of SARS-CoV-2 infection

Children without a 

history of SARS-CoV-2 

infection

N=1,148 N=2,092

Age, mean ± standard 

deviation

10.8 ± 0.08 9.5 ± 0.09

Background variables n (%) n (%)

Females 731 (63.7) 1,282 (61.3)

Native born 931 (81) 1,635 (78.1)

Any regular medications 88 (7.7) 188 (10.6)

Diabetes mellitus 4 (0.35) 4 (0.2)

asthma 20 (1.7) 21 (1)
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Inflammatory / immune 

disease

6 (0.5) 17 (0.8)

Depression / anxiety 9 (0.8) 18 (0.9)

A history of any oncologic 

disease

2 (0.2) 4 (0.2)

COVID-related variables n (%) n (%)

At least 1 vaccination 172 (15) 1424 (68)

Symptomatic COVID-19 720 (62.7)

Hospitalization due to 

COVID-19

4 (0.3)

Time since COVID-19 

infection (months)

   Mean ± SD

   Range

4.39 ± 1.5

Range: 1-12 months 

Parents of children with and without a history of SARS-CoV-2 infection shared 

similar characteristics (Table 2). 

Table 2. Characteristics of parents who did or did not respond to the 

questionnaire

Respondents

(N=3,778)

Entire cohort

(N=27,247)

n (%) n (%)

Females 2,310 (61.1) 14,880 (54.6)

Age

   <24

   25-34

   35-44

   45-54

   >55

1 (0.03)

221 (5.8)

1,441 (38.1)

1,749 (46.3)

366 (9.7)

10 (0.04)

2,182 (8)

10,657 (39.1)

11,829 (43.4)

2,569 (9.4)

Sector 
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   Orthodox-Jewish

   Arab

   All other

115 (3)

109 (2.9)

3,554 (94.1)

956 (3.5)

2021 (7.4)

24,270 (89.1)

Of all children with a history of SARS-CoV-2 infection, 720 (62.7%) had 

symptomatic COVID-19, four were hospitalized due to COVID-19 (0.3%), and 1 

needed oxygen supply. The mean duration between infection and answering the 

questionnaire was 4.4 months. Overall, 696 (33.3%) children without and 502 

(43.7%) children with a history of SARS-CoV-2 infection reported at least one 

symptom (PV<0.001) and 89 (4.3%) children without and 114 (9.9%) children with a 

history of SARS-CoV-2 infection reported at least five symptoms (PV<0.001). In 

addition, 113 (5.4%) children without and 107 (9.3%) children with a history of 

SARS-CoV-2 infection reported an inability to return to their baseline health status 

(PV<0.001) (Table 3).  

Table 3. Univariate comparison of symptoms of patients with and without a 

history of SARS-CoV-2 infection

No history of 

SARS-CoV2-

infection

With a history 

of SARS-Cov-2 

infection

P-

value

N= 2,092

n (%)

N= 1,148

n (%)

No reported symptoms 1396 (66.7) 646 (56.3)

> 1 symptom 696 (33.3) 502 (43.7) <0.001

> 5 symptoms 89 (4.3) 114 (9.9) <0.001

Current health status compared to 

before illness/pandemia - worse 113 (5.4) 107 (9.3) <0.001

Symptoms more prevalent in patients with a history of SARS-CoV-2 infection

Headaches 114 (5.4) 211 (18.4) <0.001

Weakness 70 (3.3) 173 (15.1) <0.001
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Fatigue 133 (6.4) 141 (12.3) <0.001

Abdominal pain 79 (3.8) 109 (9.5) <0.001

Cough 49 (2.3) 101 (8.8) <0.001

Myalgia 47 (2.2) 99 (8.6) <0.001

Decreased smell sensation 4 (0.2) 67 (5.8) <0.001

Decreased taste sensation 2 (0.1) 60 (5.2) <0.001

Nausea 43 (2.1) 51 (4.4) <0.001

Memory disturbances 18 (0.9) 51 (4.4) <0.001

Dizziness 33 (1.6) 46 (4.0) <0.001

Arthralgia 12 (0.6) 39 (3.4) <0.001

Chest pain 13 (0.6) 31 (2.7) <0.001

Dyspnea 20 (1) 31 (2.7) <0.001

Increased heart rate 14 (0.7) 23 (2.0) <0.001

Symptoms more prevalent in patients with no history of SARS-CoV-2 infection

Attention problems with school 

malfunctioning

225 (10.8) 98 (8.5) 0.05

Stress or increased worries 190 (9.1) 65 (5.7) <0.001

Social problems 164 (7.8) 32 (2.8) <0.001

Weight changes 143 (6.8) 43 (3.7) <0.001

Sleep disturbance 103 (4.9) 34 (3.0) 0.008

Hearing disturbances 7 (0.3) 0 (0) 0.056

Symptoms with non-significant results

Decreased mood 163 (7.8) 69 (6) 0.064

Rash 18 (0.9) 13 (1.1) 0.455

Visual disturbance 22 (1.1) 14 (1.2) 0.727

Hearing disturbances 7 (0.3) 0 (0) 0.056

Long-COVID symptoms

The five most prevalent long-COVID symptoms reported by parents of children with 

compared to children without a history of SARS-CoV-2 infection were headaches 

(18.4% vs. 5.4%, PV<0.001), weakness (15.1% vs. 3.3%, PV<0.001), fatigue (12.3% 
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vs. 6.4%, PV<0.001), abdominal pain (9.5% vs. 3.8%, PV<0.001) and cough (8.8% 

vs. 2.3%, PV<0.001) (Figure 1). Other more prevalent symptoms in children with a 

history of SARS-CoV-2 infection were myalgia, decreased smell and taste sensation, 

nausea, memory disturbances, dizziness, arthralgia, chest pain, dyspnea, and increased 

heart rate (Table 3).

Most long-COVID symptoms in children with a history of SARS-CoV-2 infection 

were more prevalent in the older age group (12-18) compared to the younger age 

group (5-11), including headaches (25% vs. 19%, PV-0.05), weakness (26.8% vs. 

13.7%, PV<0.001), fatigue (28.6% vs. 9.4%, PV<0.001), taste (14.3% vs. 3.4%, 

PV<0.001), smell (16.1% vs. 3.8%, PV<0.001), myalgia (15.2% vs. 8%, PV-0.002), 

decreased mood (12.9% vs. 4.9%, PV<0.001) and attention (13.4% vs. 8.3%, PV-

0.028). None of the symptoms were more prevalent in the younger age group (Table 

1S, Figure 2).  

Symptoms more prevalent in children without a history of SARS-CoV-2 infection 

were attention problems with school malfunctioning (10.8% vs. 8.5%, PV=0.05), 

stress or increased worries (9.1% vs. 5.7%, PV<0.001), social problems (7.8% vs. 

2.8%), weight changes (6.8% vs. 3.7%, PV<0.001) and sleep disturbances (4.9%, vs. 

3%, PV=0.008). All these symptoms were more prevalent in the older age group. 

However, in the older age group, all these symptoms were not significantly different 

between children with or without a history of SARS-CoV-2 infection (Table 1S). 

Symptoms which were not found significantly different between children with or 

without a history of SARS-CoV-2 infection include decreased mood (6% vs. 7.8%, 

PV=0.064), rash (1.1% vs. 0.9%, PV=0.455, visual disturbances (1.2% vs. 1.1%, 

PV=0.727) and hearing problems (0% vs. 0.3%, PV=0.056). 

Multivariate analysis
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Factors associated with at least one long-COVID symptom include older age and a 

history of symptomatic COVID infection. Each one-year increment in age increases 

the risk in 8% (odds ratio [OR] 1.08, 95% confidence interval (CI) 1.03-1.14, 

PV=0.001). The history of symptomatic COVID infection increases the risk 

substantially, OR-4.41, 95% CI 3.27-5.94, PV<0.001) (Table 2S). 

Failure (or inability)  to return to baseline health status in children with a history of 

SARS-CoV-2 infection was associated with fatigue (OR-9.71, 95% CI 5.58-16.87, 

PV<0.001), weight changes (OR- 4.75, 95% CI 1.92-11.76, PV<0.001), decreased 

social functioning (OR-4.58, 95% CI 1.64-12.77, PV=0.004), dyspnea (OR-3.35, 95% 

CI 1.16-9.63, PV=0.025), increased stress (OR-2.97, 95% CI 1.37-6.43, PV=0.006), 

dizziness (OR-2.75, 95% CI 1.17-6.49, PV=0.021), headaches (OR-2.70, 95% CI 

1.52-4.80, PV<0.001) and attention disturbances with malfunction in school (OR-

2.19, 95% CI 1.12-4.26, PV=0.022) (Table 3S). Age, gender, time from illness, 

symptomatic disease, and vaccination status were not associated with not returning to 

baseline health status in test-positive children.

DISCUSSION

Principal findings

We conducted a nationwide cohort study to assess the prevalence of long-COVID 

symptoms reported by the parents of children with or without a history of SARS-

CoV-2 infection. In addition, we evaluated the factors associated with the presence of 

any long-COVID symptom and not returning to baseline state of health. 

Children with a history of SARS-CoV-2 infection had significantly more physical 

symptoms, including headaches, weakness, fatigue, abdominal pain, cough, myalgia, 

decreased smell and taste sensation, nausea, memory disturbances, dizziness, 
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arthralgia, chest pain, dyspnea, and increased heart rate. Children without a history of 

SARS-CoV-2 infection had significantly more functional symptoms, including 

attention problems with a malfunction in school, stress or increased worries, social 

problems, weight changes, and sleep disturbances. Almost all symptoms were more 

prevalent among the older age group than the younger age group. 

Factors associated with at least one long-COVID symptom were age and symptomatic 

SARS-CoV-2 infection. Factors associated with not returning to baseline health status 

were long-COVID symptoms, including fatigue, weight changes, decreased social 

functioning, dyspnea, increased stress, dizziness, headache, and attention disturbances 

with malfunction at school. 

Strengths and limitations

The strengths of this study are its nationwide coverage, the relatively large number of 

participants, the comparison of children with or without a history of SARS-CoV-2 

infection, and the broad age range (5 to 18 years old). 

The limitations of this study are its relatively low response rate (11.9%) which may 

cause a selection bias, the responses from a proxy (a parent) rather than the child 

itself, and the potential for differential misclassification bias as parents to children 

with a history of SARS-CoV-2 infection may report more symptoms than children 

without a history of SARS-CoV-2 infection. We have compared the parents who did 

and did not respond to our survey to reduce this possible selection bias.  Another 

limitation is the option we have given parents regarding which child they choose to 

report the symptoms in the questionnaire.  

Interpretation

We report a high rate of at least one long-COVID symptom in both children with or 

without a history of SARS-CoV-2 infection (43.7% vs. 33.3). This is in line with 
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other studies that found similar rates of long-COVID symptoms, including 35.4% vs. 

8.3% in the CLOCK study and 61.9% vs. 57% in the LongCOVIDKidsDK.(9,13) 

However, other studies reported much lower rates of having at least one long-COVID 

symptom, including Molteni et al. with only 4.4% after 28 days and 1.8% at 56 days, 

Radtke et al. with 4% vs. 2%, and Zavala et al. with 6.7% vs. 4.2%.(8,10,12) These 

differences were addressed by Molteni herself and explained by some possible 

reasons; different study design, different response rates (and thus a better or worse 

representation of the entire pediatric population), gender imbalance, recall bias, and 

the higher awareness for this syndrome due to extensive media coverage.(14)

The presence of at least five symptoms in our study is 9.9% vs. 4.3%, lower than the 

rate reported by the CLOCK study (23.7% vs. 3.8%). The age differences in both 

studies can explain this. The CLOCK focused mainly on adolescents, whereas our 

study age range was 5-18, with a median age of 10.8 and 9.5 in test-positive and test-

negative children, respectively.

The five most prevalent long-COVID symptoms reported by parents of children with 

vs. without a history of SARS-CoV-2 infection were headaches, weakness, fatigue, 

abdominal pain, and cough.  In Behnood et al.’s meta-analysis, headache, loss of 

smell, sore throat, and sore eyes were more prevalent in test-positive than test-

negative children(7). However, abdominal pain, cough, fatigue, myalgia, insomnia, 

diarrhea, fever, dizziness, and dyspnea were similarly prevalent in both groups. It is 

important to note that the LongCOVIDKidsDK was not included in this meta-

analysis. In this study, the most prevalent symptoms were dyspnea, cough, sore throat, 

dizziness, and chest pain.(13) The symptoms in children are similar to the symptoms 

most commonly reported by adults. This includes weakness, general malaise, fatigue, 

dyspnea, arthralgia, and headache (15–18).
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Interestingly, our study found that some symptoms were more prevalent in children 

without a history of previous SARS-CoV-2 infection, including attention with 

malfunction in school, stress or increased worries, social problems, weight changes, 

and sleep disturbances. These are all functional complaints that may reflect life's 

impact during the pandemic on children. Notably, no significant difference in these 

symptoms existed in the older age group in adolescents with or without a history of 

SARS-CoV-2 infection. This is in line with the results of Blankenburg et al., which 

reported a lack of differences in neurocognitive, general pain, and most mood 

symptoms with a very high rate of reported symptoms (at least 35%) regardless of 

serostatus (11). This highlights the impact of the pandemic itself, rather than being 

infected, as a significant source of stress, decreased mood, and poor quality of life for 

children and adolescents.(19–22)  

 We found that the presence of any long-COVID symptom was associated with older 

age and a history of a symptomatic disease but not with gender. Older age and female 

gender were associated with long-COVID symptoms in children and adolescents in 

most studies.(7,9–11)  In adults, risk factors for long-COVID symptoms include age, 

female gender, and the history of symptomatic disease. (23–25) 

Conclusion

This study suggests that the prevalence of long-COVID symptoms in children with a 

history of SARS-CoV-2 infection is high and is more prevalent in adolescents than in 

young children. Some of the symptoms, mainly somatic symptoms, were more 

prevalent in children without a history of SARS-CoV-2 infection, highlighting the 

impact of the pandemic itself rather than the infection. 

Page 17 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

17

Contribution Statement

Dr. Adler conceptualized and designed the study, designed the data collection 

instruments, carried out the initial analysis, drafted the initial manuscript, and 

reviewed and revised the manuscript. 

Dr. Israel designed the data collection instruments, collected data, and reviewed and 

revised the manuscript. 

Dr. Yehoshua, Prof. Azuri, Dr. Hoffman, Dr. Shahar, and Dr. Mizrahi Reuveni 

conceptualized and designed the study and reviewed and revised the manuscript.

Prof. Grossman conceptualized and designed the study, designed the data collection 

instruments, and reviewed and revised the manuscript. 

All authors approved the final manuscript as submitted and agree to be accountable 

for all aspects of the work.

Funding: This research received no specific grant from any funding agency in the 

public, commercial or not-for-profit sectors.

Competing interests: The authors have no competing interests relevant to this article 

to disclose. 

Patient consent for publication: Not required. 

Data availability statement: No additional data available.

Ethics statement: The MHS Institutional Review Board (IRB) approved this study 

(ID 0169-20-MHS).

Page 18 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

18

REFERENCES

1. A clinical case definition of post COVID-19 condition by a Delphi consensus, 6 

October 2021 [Internet]. [cited 2022 Mar 4]. Available from: 

https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-

19_condition-Clinical_case_definition-2021.1

2. Carfì A, Bernabei R, Landi F, Gemelli Against COVID-19 Post-Acute Care 

Study Group. Persistent Symptoms in Patients After Acute COVID-19. JAMA. 

2020 Aug 11;324(6):603–605. 

3. Al-Aly Z, Xie Y, Bowe B. High-dimensional characterization of post-acute 

sequelae of COVID-19. Nature. 2021 Jun;594(7862):259–264. 

4. Tenforde MW, Kim SS, Lindsell CJ, Billig Rose E, Shapiro NI, Files DC, et al. 

Symptom Duration and Risk Factors for Delayed Return to Usual Health 

Among Outpatients with COVID-19 in a Multistate Health Care Systems 

Network - United States, March-June 2020. MMWR Morb Mortal Wkly Rep. 

2020 Jul 31;69(30):993–998. 

5. Ludvigsson JF. Case reports and systematic reviews suggest that children may 

experience similar long-term effects to adults after clinical COVID-19. Acta 

Paediatr. 2021 Mar;110(3):914–921. 

6. Lewis D. Long COVID and kids: scientists race to find answers. Nature. 2021 

Jul;595(7868):482–483. 

7. Behnood SA, Shafran R, Bennett SD, Zhang AXD, O’Mahoney LL, Stephenson 

TJ, et al. Persistent symptoms following SARS-CoV-2 infection amongst 

children and young people: A meta-analysis of controlled and uncontrolled 

studies. J Infect. 2022 Feb;84(2):158–170. 

Page 19 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

19

8. Zavala M, Ireland G, Amin-Chowdhury Z, Ramsay ME, Ladhani SN. Acute and 

persistent symptoms in children with PCR-confirmed SARS-CoV-2 infection 

compared to test-negative children in England: active, prospective, national 

surveillance. Clin Infect Dis. 2021 Nov 29; 

9. Stephenson T, Pinto Pereira SM, Shafran R, de Stavola BL, Rojas N, McOwat 

K, et al. Physical and mental health 3 months after SARS-CoV-2 infection (long 

COVID) among adolescents in England (CLoCk): a national matched cohort 

study. Lancet Child Adolesc Health. 2022 Feb 7; 

10. Molteni E, Sudre CH, Canas LS, Bhopal SS, Hughes RC, Antonelli M, et al. 

Illness duration and symptom profile in symptomatic UK school-aged children 

tested for SARS-CoV-2. Lancet Child Adolesc Health. 2021 Oct;5(10):708–

718. 

11. Blankenburg J, Wekenborg MK, Reichert J, Kirsten C, Kahre E, Haag L, et al. 

Comparison of mental health outcomes in seropositive and seronegative 

adolescents during the COVID19 pandemic. Sci Rep. 2022 Feb 10;12(1):2246. 

12. Radtke T, Ulyte A, Puhan MA, Kriemler S. Long-term Symptoms After SARS-

CoV-2 Infection in Children and Adolescents. JAMA. 2021 Jul 15; 

13. Kikkenborg Berg S, Dam Nielsen S, Nygaard U, Bundgaard H, Palm P, Rotvig 

C, et al. Long COVID symptoms in SARS-CoV-2-positive adolescents and 

matched controls (LongCOVIDKidsDK): a national, cross-sectional study. 

Lancet Child Adolesc Health. 2022 Feb 7; 

14. Molteni E, Absoud M, Duncan EL. Assessing the impact of the pandemic in 

children and adolescents: SARS-CoV-2 infection and beyond. Lancet Child 

Adolesc Health. 2022 Feb 7; 

Page 20 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

20

15. Michelen M, Manoharan L, Elkheir N, Cheng V, Dagens A, Hastie C, et al. 

Characterising long COVID: a living systematic review. BMJ Glob Health. 

2021 Sep;6(9). 

16. Long Q, Li J, Hu X, Bai Y, Zheng Y, Gao Z. Follow-Ups on Persistent 

Symptoms and Pulmonary Function Among Post-Acute COVID-19 Patients: A 

Systematic Review and Meta-Analysis. Front Med (Lausanne). 2021 Sep 

3;8:702635. 

17. Ahmad MS, Shaik RA, Ahmad RK, Yusuf M, Khan M, Almutairi AB, et al. 

LONG COVID": an insight. Eur Rev Med Pharmacol Sci. 2021 

Sep;25(17):5561–5577. 

18. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, Rebolledo P, 

Cuapio A, et al. More Than 50 Long-Term Effects of COVID-19: A Systematic 

Review and Meta-Analysis. Res Sq. 2021 Mar 1; 

19. Ravens-Sieberer U, Kaman A, Erhart M, Otto C, Devine J, Löffler C, et al. 

Quality of life and mental health in children and adolescents during the first year 

of the COVID-19 pandemic: results of a two-wave nationwide population-based 

study. Eur Child Adolesc Psychiatry. 2021 Oct 12; 

20. de Figueiredo CS, Sandre PC, Portugal LCL, Mázala-de-Oliveira T, da Silva 

Chagas L, Raony Í, et al. COVID-19 pandemic impact on children and 

adolescents’ mental health: Biological, environmental, and social factors. Prog 

Neuropsychopharmacol Biol Psychiatry. 2021 Mar 2;106:110171. 

21. Racine N, McArthur BA, Cooke JE, Eirich R, Zhu J, Madigan S. Global 

Prevalence of Depressive and Anxiety Symptoms in Children and Adolescents 

During COVID-19: A Meta-analysis. JAMA Pediatr. 2021 Nov 

1;175(11):1142–1150. 

Page 21 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

21

22. Ravens-Sieberer U, Kaman A, Otto C, Adedeji A, Devine J, Erhart M, et al. 

Mental Health and Quality of Life in Children and Adolescents During the 

COVID-19 Pandemic-Results of the Copsy Study. Dtsch Arztebl Int. 2020 Oct 

20;117(48):828–829. 

23. Yong SJ. Long COVID or post-COVID-19 syndrome: putative 

pathophysiology, risk factors, and treatments. Infect Dis (Lond). 2021 

Oct;53(10):737–754. 

24. Huang Y, Pinto MD, Borelli JL, Mehrabadi MA, Abrihim H, Dutt N, et al. 

COVID Symptoms, Symptom Clusters, and Predictors for Becoming a Long-

Hauler: Looking for Clarity in the Haze of the Pandemic. medRxiv. 2021 Mar 5; 

25. Bai F, Tomasoni D, Falcinella C, Barbanotti D, Castoldi R, Mulè G, et al. 

Female gender is associated with “long COVID” syndrome: a prospective 

cohort study. Clin Microbiol Infect. 2021 Nov 8; 

Page 22 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

22

Figure 1. Rates of long-COVID symptoms in children with and without a history 

of SARS-CoV-2 infection

Long-COVID symptoms with insignificant differences are marked with an asterisk 

(*). 
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Figure 2. Rates of long-COVID symptoms in children with a history of SARS-

CoV-2 infection – a comparison between children aged 5-11 and adolescents aged 

12-18 

Long-COVID symptoms with insignificant differences between age groups are 

marked with an asterisk (*). 
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Table 1S. Univariate comparison of symptoms of patients with and without a history of SARS-CoV-2 infection, stratified by age and 

infection status 

 

 All participants Participants aged 5-11* Participants aged 12-18* 

 No 

history of 

SARS-

CoV2-

infection 

With a 

history of 

SARS-

Cov-2 

infection 

P-value No history 

of SARS-

CoV2-

infection 

With a 

history 

of SARS-

Cov-2 

infection 

P-value No history 

of SARS-

CoV2-

infection 

With a 

history of 

SARS-

Cov-2 

infection 

P-value 

 N= 2,092 

n (%) 

N= 1,148 

n (%) 

 n=1218 n=815  N=817 N=224  

No reported symptoms 1396 

(66.7) 

646 (56.3)  

<0.001 

831 (68.2) 450 

(55.2) 

 

<0.001 

508 (62.2) 88 (39.3)  

<0.001 

> 1 symptom 696 (33.3) 502 (43.7) 387 (31.8) 365 309 (37.8) 136 (60.7) 
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(44.8) 

> 5 symptoms 89 (4.3) 114 (9.9) <0.001 35 (2.9) 66 (8.1) <0.001 54 (6.6) 48 (21.4) <0.001 

Current health status 

compared to before 

illness/pandemia 

   worse 

 

 

 

113 (5.4) 

 

 

 

107 (9.3) 

 

 

 

<0.001 

 

 

 

47 (3.9) 

 

 

 

64 (7.9) 

 

 

 

<0.001 

 

 

 

66 (8.1) 

 

 

 

43 (19.2) 

 

 

 

<0.001 

Symptoms more prevalent in patients with a history of SARS-CoV-2 infection 

Headaches 114 (5.4) 211 (18.4) <0.001 56 (4.6) 155 (19) <0.001 58 (7.1) 56 (25%) <0.001 

Weakness 70 (3.3) 173 (15.1) <0.001 27 (2.2) 112 

(13.7) 

<0.001 43 (5.3) 60 (26.8) <0.001 

Fatigue 133 (6.4) 141 (12.3) <0.001 33 (2.7) 77 (9.4) <0.001 100 (12.2) 64 (28.6) <0.001 

Abdominal pain 79 (3.8) 109 (9.5) <0.001 49 (4) 87 (10.7) <0.001 30 (3.7) 22 (9.8) <0.001 
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Cough 49 (2.3) 101 (8.8) <0.001 32 (2.6) 73 (9) <0.001 17 (2.1) 27 (12.1) <0.001 

Myalgia  47 (2.2) 99 (8.6) <0.001 24 (2) 65 (8) <0.001 23 (2.8) 34 (15.2) <0.001 

Decreased smell sensation 4 (0.2) 67 (5.8) <0.001 1 (0.1) 31 (3.8) <0.001 3 (0.4) 36 (16.1) <0.001 

Decreased taste sensation 2 (0.1) 60 (5.2) <0.001 1 (0.1) 28 (3.4) <0.001 1 (0.1) 32 (14.3) <0.001 

Nausea 43 (2.1) 51 (4.4) <0.001 21 (1.7) 44 (5.4) <0.001 22 (2.7) 7 (3.1) 0.818 

Memory disturbances 18 (0.9) 51 (4.4) <0.001 13 (1.1) 33 (4) <0.001 5 (0.6) 18 (8) <0.001 

Dizziness 33 (1.6) 46 (4.0) <0.001 11 (0.9) 26 (3.2) <0.001 22 (2.7) 20 (8.9) <0.001 

Arthralgia  12 (0.6) 39 (3.4) <0.001 6 (0.5) 24 (2.9) <0.001 6 (0.7) 15 (6.7) <0.001 

Chest pain 13 (0.6) 31 (2.7) <0.001 5 (0.4) 16 (2) <0.001 8 (1) 15 (6.7) <0.001 

Dyspnea  20 (1) 31 (2.7) <0.001 8 (0.7) 15 (1.8) 0.013 12 (1.5) 16 (7.1) <0.001 

Increased heart rate  14 (0.7) 23 (2.0) <0.001 6 (0.5) 12 (1.5) 0.021 8 (1) 11 (4.9) <0.001 

Symptoms more prevalent in patients with no history of SARS-CoV-2 infection 
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Attention problems with 

school malfunctioning 

225 (10.8) 98 (8.5) 0.05 133 (10.9) 68 (8.3) 0.057 92 (11.3) 30 (13.4) 0.412 

Stress or increased worries 190 (9.1) 65 (5.7) <0.001 112 (9.2) 48 (5.9) 0.007 78 (9.5) 17 (7.6) 0.433 

Social problems 164 (7.8) 32 (2.8) <0.001 87 (7.1) 20 (2.5) <0.001 77 (9.4) 12 (5.4) 0.059 

Weight changes 143 (6.8) 43 (3.7) <0.001 71 (5.8) 25 (3.1) 0.004 72 (8.8) 18 (8) 0.789 

Sleep disturbance 103 (4.9) 34 (3.0) 0.008 47 (3.9) 20 (2.5) 0.082 56 (6.9) 14 (6.3) 0.768 

Symptoms with non-significant results      

Decreased mood 163 (7.8) 69 (6) 0.064 69 (5.7) 40 (4.9) 0.458 94 (11.5) 29 (12.9) 0.560 

Rash 18 (0.9) 13 (1.1) 0.455 11 (0.9) 9 (1.1) 0.652 7 (0.9) 3 (1.3) 0.699 

Visual disturbance  22 (1.1) 14 (1.2) 0.727 12 (1) 6 (0.7) 0.557 10 (1.2) 8 (3.6) 0.024 

Hearing disturbances 7 (0.3) 0 (0) 0.056 4 (0.3) 0 (0) 0.102 3 (0.4) 0 (0) 0.602 

 

*children whose parents did not declare age were excluded from the age stratification 
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Table 2S. Multivariate analysis of children with a history of SARS-CoV-2 infection who 

reported at least one symptom of long COVID-19 

 

Variable  Odds Ratio (95% Confidence 

interval) 

P value 

Age † 1.08 (1.03, 1.14) 0.001 

Sex (female) † 1.12 (0.84, 1.48) 0.442 

Time from illness † 0.95 (0.86, 1.05) 0.311 

Symptomatic COVID-19 † 4.41 (3.27, 5.94) <0.001 

Vaccination against 

COVID-19 † 

0.87 (0.58, 1.31) 0.512 

 

† Symptomatic disease, age, sex, time from illness, and vaccination status were entered with 

ENTER method 

(*) The presence of diabetes mellitus, asthma, auto-immune disease, a history of malignancy, 

and native-born were entered with the FORWARD method. None were found significant and 

entered the final model.   
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Table 3S. Multivariate analysis of children with a history of SARS-CoV-2 infection who 

reported their overall health state is worse than before the illness  

 

Variable  Odds Ratio (95% Confidence 

interval) 

P value 

Age † 1.06 (0.96, 1.16) 0.257 

Sex (female) † 1.06 (0.60, 1.88) 0.833 

Time from illness † 0.94 (0.77, 1.16) 0.579 

Symptomatic disease † 1.93 (0.93, 4.04) 0.079 

Vaccination  1.25 (0.59, 2.65) 0.556 

fatigue 9.71 (5.58, 16.87) <0.001 

Weight changes 4.75 (1.92, 11.76) <0.001 

Decreased social function 4.58 (1.64, 12.77) 0.004 

Dyspnea ‡ 3.35 (1.16, 9.63) 0.025 

Increased stress  2.97 (1.37, 6.43) 0.006 

Dizziness 2.75 (1.17, 6.49) 0.021 

Headache ‡ 2.70 (1.52, 4.80) <0.001 

Attention disturbances 

with impact on 

functioning in school 

2.19 (1.12, 4.26) 0.022 

 

†age, sex, time from illness, symptomatic disease, and vaccination status were entered with 

ENTER method 

‡ Long COVID-19 symptoms (fatigue, decreased smell sensation, decreased taste sensation, 

headache, dyspnea, myalgia, cough, rash, nausea, weakness, depression, stress, memory 

disturbances, confusion, dizziness, sleep disturbances, arthralgia, abdominal pain, chest pain, 

increased heart rate, disturbed vision, hearing disturbances, weight changes, attention 

disturbances with impact on school and decreased social functioning) were entered with 

FORWARD method 

Page 32 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

STROBE (Strengthening The Reporting of OBservational Studies in Epidemiology) Checklist  

 

A checklist of items that should be included in reports of observational studies. You must report the page number in your manuscript 

where you consider each of the items listed in this checklist. If you have not included this information, either revise your manuscript 

accordingly before submitting or note N/A. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published 

examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web 

sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology 

at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 

 

Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Title and Abstract  1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract  

 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found   

 

Introduction  

Background/Rationale 2 Explain the scientific background and rationale for the investigation being 

reported   

 

Objectives 3 State specific objectives, including any prespecified hypotheses   

Methods  

Study Design 4 Present key elements of study design early in the paper   

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection  

 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up  

Case-control study—Give the eligibility criteria, and the sources and methods of 

case ascertainment and control selection. Give the rationale for the choice of 

cases and controls  

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed  

Case-control study—For matched studies, give matching criteria and the number 

of controls per case   

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable  
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Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Data Sources/ 

Measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group   

 

Bias 9 Describe any efforts to address potential sources of bias    

Study Size 10 Explain how the study size was arrived at    

Quantitative Variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why  

 

Statistical Methods 12 (a) Describe all statistical methods, including those used to control for 

confounding   

 

(b) Describe any methods used to examine subgroups and interactions    

(c) Explain how missing data were addressed   

(d) Cohort study—If applicable, explain how loss to follow-up was addressed  

Case-control study—If applicable, explain how matching of cases and controls was 

addressed   

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy   

 

(e) Describe any sensitivity analyses   

Results     

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 

eligible, examined for eligibility, confirmed eligible, included in the study, 

completing follow-up, and analysed 

 

  (b) Give reasons for non-participation at each stage    

  (c) Consider use of a flow diagram    

Descriptive Data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders    

 

  (b) Indicate number of participants with missing data for each variable of interest    

  (c) Cohort study—Summarise follow-up time (eg, average and total amount)     

Outcome Data 15* Cohort study—Report numbers of outcome events or summary measures over 

time   

 

  Case-control study—Report numbers in each exposure category, or summary 

measures of exposure   

 

  Cross-sectional study—Report numbers of outcome events or summary measures    
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Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Main Results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which confounders 

were adjusted for and why they were included   

 

  (b) Report category boundaries when continuous variables were categorized    

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period   

 

Other Analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses   

 

Discussion    

Key Results 18 Summarise key results with reference to study objectives    

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias   

 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence   

 

Generalisability 21 Discuss the generalisability (external validity) of the study results    

Other Information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based   

 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in 

cohort and cross-sectional studies. 

 

Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this 

checklist as part of the main manuscript document. It must be uploaded as a separate file. 
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ABSTRACT

Objectives To estimate the prevalence of long-COVID symptoms in children with 

and without a history of SARS-CoV-2 infection and to evaluate factors associated 

with long-COVID. 

Design A nationwide cross-sectional study

Setting Primary care 

Participants 3,240 parents of children aged 5-18 with and without SARS-CoV-2 

infection completed an online questionnaire (11.9% response rate); 1,148 and 2,092 

with/without a history of infection, respectively.

Primary and secondary outcome measures Primary outcome was the prevalence of 

long-COVID symptoms in children with/without a history of infection. Secondary 

outcomes were the factors associated with the presence of long-COVID symptoms 

and with failure to return to baseline health status in children with a history of 

infection including gender, age, time from illness, symptomatic illness and vaccine 

status.

Results

Most long-COVID symptoms were more prevalent in children with a history of 

SARS-CoV-2 infection; headaches (211 [18.4%] vs. 114 [5.4%], p-value 

[PV]<0.001), weakness (173 [15.1%] vs. 70 [3.3%], PV<0.001), fatigue (141 [12.3%] 

vs. 133 [6.4%], PV<0.001), and abdominal pain (109 [9.5%] vs. 79 [3.8%], 

PV<0.001). Most long-COVID symptoms in children with a history of SARS-CoV-2 

infection were more prevalent in the older age group (12-18) compared to the younger 

age group (5-11). Some symptoms were more prevalent in children without a history 

of SARS-CoV-2 infection, including attention problems with school malfunctioning 

(225 [10.8%] vs. 98 [8.5%], PV=0.05), stress (190 [9.1%] vs. 65 [5.7%], PV<0.001), 
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social problems (164 [7.8%] vs. 32 [2.8%]), and weight changes (143 [6.8%] vs. 43 

[3.7%], PV<0.001) 

Conclusion

This study suggests that the prevalence of long-COVID symptoms in children with a 

history of SARS-CoV-2 infection might be higher and more prevalent in adolescents 

than in young children. Some of the symptoms, mainly somatic symptoms, were more 

prevalent in children without a history of SARS-CoV-2 infection, highlighting the 

impact of the pandemic itself rather than the infection. 
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Strengths and limitations of this study

 A nationwide coverage of participants. 

 A relatively large number of participants with a broad age range (5 to 18 years 

old).

 A comparison of children with or without a history of SARS-CoV-2 infection. 

 A relatively low response rate (11.9%) which may cause a selection bias.

 The responses were from a proxy (the parent) rather than the child itself.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has emerged in 

December 2019 and was declared a pandemic by the WHO in March 2020. Evidence 

emerged slowly but consistently about persistent symptoms following infection and 

the WHO defined the Post-COVID-19 condition (also known as long-COVID) in 

October 2021. (1) Reports were first made for adults,(2–4) and later evidence started 

to emerge regarding the existence of long-COVID in children and adolescents; the 

first scientific report came from Sweden with a case series by Ludvigsson, who 

followed five children with a potential long COVID syndrome.(5) First reports were 

primarily descriptive, with relatively small sample sizes and without a control 

group.(6) 

Behnood et al. performed a meta-analysis of controlled and uncontrolled studies 

regarding long-COVID in children and adolescents.(7) Among all studies, only five 

were controlled studies.(8–12) They found a higher prevalence of cognitive 

difficulties, headache, loss of smell, sore throat, and sore eyes in test-positive 

children. However, symptoms like abdominal pain, cough, fatigue, myalgia, insomnia, 

diarrhea, fever, dizziness, or dyspnea were not significantly increased in test-positive 

children in this study. Controversy later emerged when some of the largest studies 

about long-COVID in children and adolescents reported different results of 

prevalence of at least one long-COVID symptom with ranges varying between 1.8% 

to 61.9% (8–11,13-14). 

This study aimed to estimate the prevalence of long-COVID symptoms in Israeli 

children with and without a history of SARS-CoV-2 infection and evaluate factors 

associated with long-COVID and failure to return to baseline health status. 

Page 6 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

6

METHODS 

Study design and setting

We designed a nationwide cross-sectional study using the centralized database of 

Maccabi Healthcare Services (MHS), the second-largest healthcare maintenance 

organization in Israel, which covers a quarter of Israel's population (2.6 million 

citizens). We sent an online questionnaire using text messages to parents of children 

aged 5-18 years old with a positive Polymerase Chain Reaction (PCR) test for SARS-

CoV-2 one to six months before data collection. In addition, we sent the questionnaire 

to a control group of parents of children with no positive PCR results (with a ratio of 

1:2). We asked parents to choose one child per family and answer the questionnaire 

according to his or her health status (The questionnaire is available, supplementary 

material – part A). The questionnaire did not include questions about other infections. 

Informed consent was given via the online questionnaire. 

Variables

Demographic and medical variables included age, sex, native-born, height, weight, 

and the presence of any chronic illness (including diabetes mellitus, asthma, 

inflammatory disease, oncologic disease, anxiety, or depression). COVID-19-related 

variables included details about the acute illness, including the date of illness, 

presence of any symptoms (without mentioning which ones), whether the child was 

admitted to a hospital due to COVID-19, and if so, whether oxygen supply was 

warranted, and vaccination status against COVID-19. The last section included 

questions regarding the presence of Long-COVID symptoms (including physical and 

mental health symptoms, long-COVID symptoms were defined as symptoms lasting 

more than 4-weeks) and asked parents whether the overall health status of their 

children is worse, the same, or better than their baseline health status. We chose to 
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refer to these symptoms as long-COVID symptoms in both groups for reasons of 

clarity, although long-COVID does not exist in the control group. The questionnaire 

was created by the authors of this study related to most symptoms reported in the 

literature. 

Statistical analysis

Sample size calculations – to show a difference of relatively rare symptoms, we 

assumed a prevalence of 0.5% in children without and 3.5% in children with a history 

of SARS-CoV-2 infection. To show a significant difference with a power of 80% and 

alpha of 5% with a 2:1 ratio, we needed at least 275 in children with, and 550 in 

children without a history of SARS-CoV-2 infection. We assumed a prevalence of 5% 

in children without and 10% in children with a history of SARS-CoV-2 infection for 

more prevalent symptoms. In the same terms, we needed at least 341 in children with 

and 682 in children without a history of SARS-CoV-2 infection. 

Descriptive statistics were used for all variables, with absolute numbers and 

percentages for categorical variables and mean and standard deviation for continuous 

variables. First, we performed univariate analysis to all long-COVID symptoms and 

compared children with and without a history of SARS-CoV-2 infection using the chi-

square test. We then performed the same analysis with age stratification (ages 5-11 

and 12-18). Next, we performed two sets of multi-variable tests to examine which 

factors were associated with having at least one long-COVID symptom and which 

factors were associated with worse health status than baseline health status. Both 

analyses were made using a logistic regression analysis with two blocks, the first 

using all variables (the ENTER approach) for baseline characteristics and forward 

stepwise selection for more elaborated variables. Last, we performed a univariate 

analysis of the differences between parents of children who did and did not answer the 
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questionnaire. We used the Statistical Package for Social Sciences (SPSS) software 

version 28 for data analysis. 

Ethics statement

The MHS Institutional Review Board (IRB) approved this study (ID 0169-20-MHS).

Patient and public involvement

No patients involved. 

RESULTS

Study population 

In December 2021 and January 2022, we sent the online questionnaire to 27,240 

parents of children (8,550 of parents had at least one child with a history of SARS-

CoV-2 infection). 3,240 parents answered the questionnaire and agreed to participate 

in the study (11.9% overall response rate, 13.4% in children with and 11.2% in 

children without a history of infection). Of all respondents, 1,148 children had a 

history of SARS-CoV-2 infection, and 2,092 children had no history of SARS-CoV-2 

infection. The average age of children with and without a history of SARS-CoV-2 

infection was 10.8 and 9.5, with 731 (63.7%) and 1,282 (61.3%) females, respectively 

(Table 1). 

Table 1. Characteristics of children with and without a history of SARS-CoV-2 

infection

Children with a history 

of SARS-CoV-2 infection

Children without a 

history of SARS-CoV-2 

infection

N=1,148 N=2,092
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Age, mean ± standard 

deviation

10.8 ± 0.08 9.5 ± 0.09

Background variables n (%) n (%)

Females 731 (63.7) 1,282 (61.3)

Native born 931 (81) 1,635 (78.1)

Any regular medications 88 (7.7) 188 (10.6)

Diabetes mellitus 4 (0.35) 4 (0.2)

asthma 20 (1.7) 21 (1)

Inflammatory / immune 

disease

6 (0.5) 17 (0.8)

Depression / anxiety 9 (0.8) 18 (0.9)

A history of any oncologic 

disease

2 (0.2) 4 (0.2)

COVID-related variables n (%) n (%)

At least 1 vaccination 172 (15) 1424 (68)

Symptomatic COVID-19 720 (62.7)

Hospitalization due to 

COVID-19

4 (0.3)

Time since COVID-19 

infection (months)

   Mean ± SD

   Range

4.39 ± 1.5

Range: 1-12 months 

Parents of children who did or did not fill the questionnaire shared similar 

characteristics (Table 2). 

Table 2. Characteristics of parents who did or did not respond to the 

questionnaire

Respondents

(N=3,778)

Non-respondents

(N=23,469)

P value

n (%) n (%)

Females 2,310 (61.1) 12,570 (53.6) <0.001
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Age

   <24

   25-34

   35-44

   45-54

   >55

1 (0.03)

221 (5.8)

1,441 (38.1)

1,749 (46.3)

366 (9.7)

9 (0.04)

1,961 (8.3)

9,216 (39.3)

10,080 (42.9)

2,203 (9.4)

<0.001

Sector 

   Orthodox-Jewish

   Arab

   All other

115 (3)

109 (2.9)

3,554 (94.1)

841 (3.6)

1,912 (8.1)

20,716 (88.3)

<0.001

Of all children with a history of SARS-CoV-2 infection, 720 (62.7%) had 

symptomatic COVID-19, four were hospitalized due to COVID-19 (0.3%), and 1 

needed oxygen supply. The mean duration between infection and answering the 

questionnaire was 4.4 months. Overall, 696 (33.3%) children without and 502 

(43.7%) children with a history of SARS-CoV-2 infection reported at least one 

symptom (PV<0.001) and 89 (4.3%) children without and 114 (9.9%) children with a 

history of SARS-CoV-2 infection reported at least five symptoms (PV<0.001). In 

addition, 113 (5.4%) children without and 107 (9.3%) children with a history of 

SARS-CoV-2 infection reported an inability to return to their baseline health status 

(PV<0.001) (Table 3).  

Table 3. Univariate comparison of symptoms of patients with and without a 

history of SARS-CoV-2 infection

No history of 

SARS-CoV2-

infection

With a history 

of SARS-Cov-2 

infection

P-

value

N= 2,092

n (%)

N= 1,148

n (%)
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No reported symptoms 1396 (66.7) 646 (56.3)

> 1 symptom 696 (33.3) 502 (43.7) <0.001

> 5 symptoms 89 (4.3) 114 (9.9) <0.001

Current health status compared to 

before illness/pandemia - worse 113 (5.4) 107 (9.3) <0.001

Symptoms more prevalent in patients with a history of SARS-CoV-2 infection

Headaches 114 (5.4) 211 (18.4) <0.001

Weakness 70 (3.3) 173 (15.1) <0.001

Fatigue 133 (6.4) 141 (12.3) <0.001

Abdominal pain 79 (3.8) 109 (9.5) <0.001

Cough 49 (2.3) 101 (8.8) <0.001

Myalgia 47 (2.2) 99 (8.6) <0.001

Decreased smell sensation 4 (0.2) 67 (5.8) <0.001

Decreased taste sensation 2 (0.1) 60 (5.2) <0.001

Nausea 43 (2.1) 51 (4.4) <0.001

Memory disturbances 18 (0.9) 51 (4.4) <0.001

Dizziness 33 (1.6) 46 (4.0) <0.001

Arthralgia 12 (0.6) 39 (3.4) <0.001

Chest pain 13 (0.6) 31 (2.7) <0.001

Dyspnea 20 (1) 31 (2.7) <0.001

Increased heart rate 14 (0.7) 23 (2.0) <0.001

Symptoms more prevalent in patients with no history of SARS-CoV-2 infection

Attention problems with school 

malfunctioning

225 (10.8) 98 (8.5) 0.05

Stress or increased worries 190 (9.1) 65 (5.7) <0.001

Social problems 164 (7.8) 32 (2.8) <0.001

Weight changes 143 (6.8) 43 (3.7) <0.001

Sleep disturbance 103 (4.9) 34 (3.0) 0.008

Symptoms with non-significant results

Decreased mood 163 (7.8) 69 (6) 0.064

Rash 18 (0.9) 13 (1.1) 0.455

Visual disturbance 22 (1.1) 14 (1.2) 0.727
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Hearing disturbances 7 (0.3) 0 (0) 0.056

Long-COVID symptoms

The five most prevalent long-COVID symptoms reported by parents of children with 

compared to children without a history of SARS-CoV-2 infection were headaches 

(211 [18.4%] vs. 114 [5.4%], PV<0.001), weakness (173 [15.1%] vs. 70 [3.3%], 

PV<0.001), fatigue (141 [12.3%] vs. 133 [6.4%], PV<0.001), abdominal pain (109 

[9.5%] vs. 79 [3.8%], PV<0.001) and cough (101 [8.8%] vs. 49 [2.3%], PV<0.001) 

(Figure 1). Other more prevalent symptoms in children with a history of SARS-CoV-

2 infection were myalgia, decreased smell and taste sensation, nausea, memory 

disturbances, dizziness, arthralgia, chest pain, dyspnea, and increased heart rate (Table 

3).

Most long-COVID symptoms in children with a history of SARS-CoV-2 infection 

were more prevalent in the older age group (12-18) compared to the younger age 

group (5-11), including headaches (56 [25%] vs. 155 [19%], PV-0.05), weakness (60 

[26.8%] vs. 112 [13.7%], PV<0.001), fatigue (64 [28.6%] vs. 77 [9.4%], PV<0.001), 

taste (32 [14.3%] vs. 28 [3.4%], PV<0.001), smell (36 [16.1%] vs. 31 [3.8%], 

PV<0.001), myalgia (34 [15.2%] vs. 65 [8%], PV-0.002), decreased mood (29 

[12.9%] vs. 40 [4.9%], PV<0.001) and attention (30 [13.4%] vs. 68 [8.3%], PV-

0.028). None of the symptoms were more prevalent in the younger age group (Table 

1S, supplementary material – part B; Figure 2).  

Symptoms more prevalent in children without a history of SARS-CoV-2 infection 

were attention problems with school malfunctioning (225 [10.8%] vs. 98 [8.5%], 

PV=0.05), stress or increased worries (190 [9.1%] vs. 65 [5.7%], PV<0.001), social 

problems (164 [7.8%] vs. 32 [2.8%]), weight changes (143 [6.8%] vs. 43 [3.7%], 

PV<0.001) and sleep disturbances (103 [4.9%], vs. 34 [3%], PV=0.008). All these 
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symptoms were more prevalent in the older age group. However, in the older age 

group, all these symptoms were not significantly different between children with or 

without a history of SARS-CoV-2 infection (Table 1S, supplementary material – part 

B]). 

Symptoms which were not found significantly different between children with or 

without a history of SARS-CoV-2 infection include decreased mood (69 [6%] vs. 163 

[7.8%], PV=0.064), rash (13 [1.1%] vs. 18 [0.9%], PV=0.455, visual disturbances (14 

[1.2%] vs. 22 [1.1%], PV=0.727) and hearing problems (0 [0%] vs. 7 [0.3%], 

PV=0.056). 

Multivariate analysis

Factors associated with at least one long-COVID symptom include older age and a 

history of symptomatic COVID infection. Each one-year increment in age increases 

the risk in 8% (odds ratio [OR] 1.08, 95% confidence interval (CI) 1.03-1.14, 

PV=0.001). The history of symptomatic COVID infection increases the risk 

substantially, OR-4.41, 95% CI 3.27-5.94, PV<0.001) (Table 2S, supplementary 

material – part B). 

Failure (or inability)  to return to baseline health status in children with a history of 

SARS-CoV-2 infection was associated with fatigue (OR-9.71, 95% CI 5.58-16.87, 

PV<0.001), weight changes (OR- 4.75, 95% CI 1.92-11.76, PV<0.001), decreased 

social functioning (OR-4.58, 95% CI 1.64-12.77, PV=0.004), dyspnea (OR-3.35, 95% 

CI 1.16-9.63, PV=0.025), increased stress (OR-2.97, 95% CI 1.37-6.43, PV=0.006), 

dizziness (OR-2.75, 95% CI 1.17-6.49, PV=0.021), headaches (OR-2.70, 95% CI 

1.52-4.80, PV<0.001) and attention disturbances with malfunction in school (OR-

2.19, 95% CI 1.12-4.26, PV=0.022) (Table 3S, supplementary material – part B). 
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Age, gender, time from illness, symptomatic disease, and vaccination status were not 

associated with not returning to baseline health status in test-positive children.

DISCUSSION

Principal findings

We conducted a nationwide cross-sectional study to assess the prevalence of long-

COVID symptoms reported by the parents of children with or without a history of 

SARS-CoV-2 infection. In addition, we evaluated the factors associated with the 

presence of any long-COVID symptom and not returning to baseline state of health. 

Children with a history of SARS-CoV-2 infection had significantly more physical 

symptoms, including headaches, weakness, fatigue, abdominal pain, cough, myalgia, 

decreased smell and taste sensation, nausea, memory disturbances, dizziness, 

arthralgia, chest pain, dyspnea, and increased heart rate. Children without a history of 

SARS-CoV-2 infection had significantly more functional symptoms, including 

attention problems with a malfunction in school, stress or increased worries, social 

problems, weight changes, and sleep disturbances. Almost all symptoms were more 

prevalent among the older age group than the younger age group. 

Factors associated with at least one long-COVID symptom were age and symptomatic 

SARS-CoV-2 infection. Factors associated with not returning to baseline health status 

were long-COVID symptoms, including fatigue, weight changes, decreased social 

functioning, dyspnea, increased stress, dizziness, headache, and attention disturbances 

with malfunction at school. 

Strengths and limitations
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The strengths of this study are its nationwide coverage, the relatively large number of 

participants, the comparison of children with or without a history of SARS-CoV-2 

infection, and the broad age range (5 to 18 years old). 

This study has several limitations. Firstly, its relatively low response rate (11.9%) and 

the cross-section design may cause a selection bias. Parents of children with more 

symptoms might respond more than other parents. Since parents could choose which 

child they report in the questionnaire, they might have chosen the child with the most 

symptoms. Secondly, the responses from a proxy (a parent) rather than the child and 

the potential for differential misclassification bias as parents to children with a history 

of SARS-CoV-2 infection may report more symptoms than children without a history 

of SARS-CoV-2 infection. These factors combined might have caused the reported 

prevalence of long-COVID symptoms to be higher than it is. Thirdly, this study 

represents only long symptoms related to the Delta and Omicron variants. Different 

variants might not have the same long-term influence on children. Fourthly, children 

without a history of SARS-CoV-2 infection might actually have an asymptomatic 

infection they were unaware of. This, however, gives us a conservative estimation of 

the difference between the groups. Fifthly, the questionnaire was built by the authors 

of this study and is not validated. This might also affect the results. In order to 

overcome some of the abovementioned limitations, especially the possible selection 

bias, we have compared the parents who did and did not respond to our survey to 

reduce this possible selection bias.  

Interpretation

We report a high rate of at least one long-COVID symptom in both children with or 

without a history of SARS-CoV-2 infection (43.7% vs. 33.3). This is in line with 

other studies that found similar rates of long-COVID symptoms, including 35.4% vs. 
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8.3% in the CLOCK study and 61.9% vs. 57% in the LongCOVIDKidsDK.(9,13) 

However, other studies reported much lower rates of having at least one long-COVID 

symptom, including Molteni et al. with only 4.4% after 28 days and 1.8% at 56 days, 

Radtke et al. with 4% vs. 2%, and Zavala et al. with 6.7% vs. 4.2%.(8,10,12) In Borch 

et al. study, the prevalence of long-COVID symptoms was 28%. However, the 

residual difference was only 0.8%, implicating a very low prevalence of long-COVID 

in children attributable to the infection itself (14).  These differences were addressed 

by Molteni herself and explained by some possible reasons; different study design, 

different response rates (and thus a better or worse representation of the entire 

pediatric population), gender imbalance, recall bias, and the higher awareness for this 

syndrome due to extensive media coverage (15).

The presence of at least five symptoms in our study is 9.9% vs. 4.3%, lower than the 

rate reported by the CLOCK study (23.7% vs. 3.8%). The age differences in both 

studies can explain this. The CLOCK focused mainly on adolescents, whereas our 

study age range was 5-18, with a median age of 10.8 and 9.5 in test-positive and test-

negative children, respectively.

The five most prevalent long-COVID symptoms reported by parents of children with 

vs. without a history of SARS-CoV-2 infection were headaches, weakness, fatigue, 

abdominal pain, and cough.  In Behnood et al.’s meta-analysis, headache, loss of 

smell, sore throat, and sore eyes were more prevalent in test-positive than test-

negative children(7). However, abdominal pain, cough, fatigue, myalgia, insomnia, 

diarrhea, fever, dizziness, and dyspnea were similarly prevalent in both groups. It is 

important to note that the LongCOVIDKidsDK was not included in this meta-

analysis. In this study, the most prevalent symptoms were dyspnea, cough, sore throat, 

dizziness, and chest pain (13). Borch et al. reported that fatigue, loss of smell and 

Page 17 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

17

taste, muscle weakness, chest pain, dizziness, and respiratory problems were the most 

reported symptoms (14). The symptoms in children are similar to the symptoms most 

commonly reported by adults. This includes weakness, general malaise, fatigue, 

dyspnea, arthralgia, and headache (16–19).

Interestingly, our study found that some symptoms were more prevalent in children 

without a history of previous SARS-CoV-2 infection, including attention with 

malfunction in school, stress or increased worries, social problems, weight changes, 

and sleep disturbances. These are all functional complaints that may reflect life's 

impact during the pandemic on children. Notably, no significant difference in these 

symptoms existed in the older age group in adolescents with or without a history of 

SARS-CoV-2 infection. This is in line with the results of Blankenburg et al., which 

reported a lack of differences in neurocognitive, general pain, and most mood 

symptoms with a very high rate of reported symptoms (at least 35%) regardless of 

serostatus (11). It is also in line with Borch et al., that reported concentration 

problems to be more prevalent in children without a history of infection (14). This 

highlights the impact of the pandemic itself, rather than being infected, as a significant 

source of stress, decreased mood, and poor quality of life for children and 

adolescents.(20–23)  

 We found that the presence of any long-COVID symptom was associated with older 

age and a history of a symptomatic disease but not with gender. Older age and female 

gender were associated with long-COVID symptoms in children and adolescents in 

most studies.(7,9–11)  In adults, risk factors for long-COVID symptoms include age, 

female gender, and the history of symptomatic disease. (24–26) 

Conclusion
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This study suggests that the prevalence of long-COVID symptoms in children with a 

history of SARS-CoV-2 infection might be higher and more prevalent in adolescents 

than in young children. Some of the symptoms, mainly somatic symptoms, were more 

prevalent in children without a history of SARS-CoV-2 infection, highlighting the 

impact of the pandemic itself rather than the infection. 

Page 19 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

19

Contribution Statement

Dr. Adler conceptualized and designed the study, designed the data collection 

instruments, carried out the initial analysis, drafted the initial manuscript, and 

reviewed and revised the manuscript. 

Dr. Israel designed the data collection instruments, collected data, and reviewed and 

revised the manuscript. 

Dr. Yehoshua, Prof. Azuri, Dr. Hoffman, Dr. Shahar, and Dr. Mizrahi Reuveni 

conceptualized and designed the study and reviewed and revised the manuscript.

Prof. Grossman conceptualized and designed the study, designed the data collection 

instruments, and reviewed and revised the manuscript. 

All authors approved the final manuscript as submitted and agree to be accountable 

for all aspects of the work.

Funding: This research received no specific grant from any funding agency in the 

public, commercial or not-for-profit sectors.

Competing interests: The authors have no competing interests relevant to this article 

to disclose. 

Patient consent for publication: Not required. 

Data availability statement: No additional data available.

Ethics statement: The MHS Institutional Review Board (IRB) approved this study 

(ID 0169-20-MHS).

Page 20 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

20

REFERENCES

1. A clinical case definition of post COVID-19 condition by a Delphi consensus, 6 
October 2021 [Internet]. [cited 2022 Mar 4]. Available from: 
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-
19_condition-Clinical_case_definition-2021.1

2. Carfì A, Bernabei R, Landi F, Gemelli Against COVID-19 Post-Acute Care 
Study Group. Persistent Symptoms in Patients After Acute COVID-19. JAMA. 
2020 Aug 11;324(6):603–605. 

3. Al-Aly Z, Xie Y, Bowe B. High-dimensional characterization of post-acute 
sequelae of COVID-19. Nature. 2021 Jun;594(7862):259–264. 

4. Tenforde MW, Kim SS, Lindsell CJ, Billig Rose E, Shapiro NI, Files DC, et al. 
Symptom Duration and Risk Factors for Delayed Return to Usual Health 
Among Outpatients with COVID-19 in a Multistate Health Care Systems 
Network - United States, March-June 2020. MMWR Morb Mortal Wkly Rep. 
2020 Jul 31;69(30):993–998. 

5. Ludvigsson JF. Case report and systematic review suggest that children may 
experience similar long-term effects to adults after clinical COVID-19. Acta 
Paediatr. 2021 Mar;110(3):914–921. 

6. Lewis D. Long COVID and kids: scientists race to find answers. Nature. 2021 
Jul;595(7868):482–483. 

7. Behnood SA, Shafran R, Bennett SD, Zhang AXD, O’Mahoney LL, Stephenson 
TJ, et al. Persistent symptoms following SARS-CoV-2 infection amongst 
children and young people: A meta-analysis of controlled and uncontrolled 
studies. J Infect. 2022 Feb;84(2):158–170. 

8. Zavala M, Ireland G, Amin-Chowdhury Z, Ramsay ME, Ladhani SN. Acute and 
persistent symptoms in children with PCR-confirmed SARS-CoV-2 infection 
compared to test-negative children in England: active, prospective, national 
surveillance. Clin Infect Dis. 2021 Nov 29; 

9. Stephenson T, Pinto Pereira SM, Shafran R, de Stavola BL, Rojas N, McOwat 
K, et al. Physical and mental health 3 months after SARS-CoV-2 infection (long 
COVID) among adolescents in England (CLoCk): a national matched cohort 
study. Lancet Child Adolesc Health. 2022 Feb 7; 

10. Molteni E, Sudre CH, Canas LS, Bhopal SS, Hughes RC, Antonelli M, et al. 
Illness duration and symptom profile in symptomatic UK school-aged children 
tested for SARS-CoV-2. Lancet Child Adolesc Health. 2021 Oct;5(10):708–
718. 

11. Blankenburg J, Wekenborg MK, Reichert J, Kirsten C, Kahre E, Haag L, et al. 
Comparison of mental health outcomes in seropositive and seronegative 
adolescents during the COVID19 pandemic. Sci Rep. 2022 Feb 10;12(1):2246. 

Page 21 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

21

12. Radtke T, Ulyte A, Puhan MA, Kriemler S. Long-term Symptoms After SARS-
CoV-2 Infection in Children and Adolescents. JAMA. 2021 Jul 15; 

13. Kikkenborg Berg S, Dam Nielsen S, Nygaard U, Bundgaard H, Palm P, Rotvig 
C, et al. Long COVID symptoms in SARS-CoV-2-positive adolescents and 
matched controls (LongCOVIDKidsDK): a national, cross-sectional study. 
Lancet Child Adolesc Health. 2022 Feb 7; 

14. Borch L, Holm M, Knudsen M, Ellermann-Eriksen S, Hagstroem S. Long 
COVID symptoms and duration in SARS-CoV-2 positive children - a 
nationwide cohort study. Eur J Pediatr. 2022 Apr;181(4):1597–1607. 

15. Molteni E, Absoud M, Duncan EL. Assessing the impact of the pandemic in 
children and adolescents: SARS-CoV-2 infection and beyond. Lancet Child 
Adolesc Health. 2022 Feb 7; 

16. Michelen M, Manoharan L, Elkheir N, Cheng V, Dagens A, Hastie C, et al. 
Characterising long COVID: a living systematic review. BMJ Glob Health. 
2021 Sep;6(9). 

17. Long Q, Li J, Hu X, Bai Y, Zheng Y, Gao Z. Follow-Ups on Persistent 
Symptoms and Pulmonary Function Among Post-Acute COVID-19 Patients: A 
Systematic Review and Meta-Analysis. Front Med (Lausanne). 2021 Sep 
3;8:702635. 

18. Ahmad MS, Shaik RA, Ahmad RK, Yusuf M, Khan M, Almutairi AB, et al. 
LONG COVID": an insight. Eur Rev Med Pharmacol Sci. 2021 
Sep;25(17):5561–5577. 

19. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, Rebolledo P, 
Cuapio A, et al. More Than 50 Long-Term Effects of COVID-19: A Systematic 
Review and Meta-Analysis. Res Sq. 2021 Mar 1; 

20. Ravens-Sieberer U, Kaman A, Erhart M, Otto C, Devine J, Löffler C, et al. 
Quality of life and mental health in children and adolescents during the first year 
of the COVID-19 pandemic: results of a two-wave nationwide population-based 
study. Eur Child Adolesc Psychiatry. 2021 Oct 12; 

21. de Figueiredo CS, Sandre PC, Portugal LCL, Mázala-de-Oliveira T, da Silva 
Chagas L, Raony Í, et al. COVID-19 pandemic impact on children and 
adolescents’ mental health: Biological, environmental, and social factors. Prog 
Neuropsychopharmacol Biol Psychiatry. 2021 Mar 2;106:110171. 

22. Racine N, McArthur BA, Cooke JE, Eirich R, Zhu J, Madigan S. Global 
Prevalence of Depressive and Anxiety Symptoms in Children and Adolescents 
During COVID-19: A Meta-analysis. JAMA Pediatr. 2021 Nov 
1;175(11):1142–1150. 

23. Ravens-Sieberer U, Kaman A, Otto C, Adedeji A, Devine J, Erhart M, et al. 
Mental Health and Quality of Life in Children and Adolescents During the 
COVID-19 Pandemic-Results of the Copsy Study. Dtsch Arztebl Int. 2020 Oct 
20;117(48):828–829. 

Page 22 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

22

24. Yong SJ. Long COVID or post-COVID-19 syndrome: putative 
pathophysiology, risk factors, and treatments. Infect Dis (Lond). 2021 
Oct;53(10):737–754. 

25. Huang Y, Pinto MD, Borelli JL, Mehrabadi MA, Abrihim H, Dutt N, et al. 
COVID Symptoms, Symptom Clusters, and Predictors for Becoming a Long-
Hauler: Looking for Clarity in the Haze of the Pandemic. medRxiv. 2021 Mar 5; 

26. Bai F, Tomasoni D, Falcinella C, Barbanotti D, Castoldi R, Mulè G, et al. 
Female gender is associated with “long COVID” syndrome: a prospective 
cohort study. Clin Microbiol Infect. 2021 Nov 8; 

Page 23 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

23

Figure 1. Rates of long-COVID symptoms in children with and without a history 

of SARS-CoV-2 infection

Long-COVID symptoms with insignificant differences are marked with an asterisk 

(*). 
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Figure 2. Rates of long-COVID symptoms in children with a history of SARS-

CoV-2 infection – a comparison between children aged 5-11 and adolescents aged 

12-18 

Long-COVID symptoms with insignificant differences between age groups are 

marked with an asterisk (*). 
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The questionnaires for parents 

 

Do you approve of the participation of your child in this research (Participation in this 

research means filling out this questionnaire only) Yes/No? 

Child's age _______ (Number between 5-18) 

Child's Sex: M/F 

 

Refers to a child with Covid 19 infection history: 

 

When did your child have Covid 19 infection? (Month/Year) 

During the Covid 19 infection, did your child have any symptoms? Yes/No 

During the Covid 19 infection, was your child admitted to the hospital? Yes/No 

If the answer is yes, was your child on respiratory support or admitted to PICU? Yes/No 

 

To Covid 19 recovered patients only: 

Does your child feel he fully recovered? Yes/No 

Do you feel your child fully recovered? Yes/No 

 

Below is a list of symptoms. 

Please mark if your child has one or more of the following symptoms, more than he/she had 

before the Covid 19 infection? Or more than he/she had before the Covid 19 outbreak in 

Israel? 

[all with yes/no options] 

 Change in the sense of smell 

 Change in the sense of taste  

 Headache 

 Shortness of breath 

 Muscle pains 

 Cough 

 Rash 

 Nausea 

 Weakness 

 Dizziness 

 Joints aches 

 Abdominal Pain 
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 Chest Pain 

 Palpitations/Heart racing 

 Vision disturbance 

 Hearing disturbance  

 The child has none of the above 

 

In Addition, please mark if your child has one or more of the following symptoms than 

he/she had before the Covid 19 infection? Or more than he/she had before the Covid 19 

outbreak in Israel? 

[all with yes/no options] 

 

 Fatigue 

 Sleeping disturbances 

 Anxiety or excessive worrying?  

 Memory deterioration 

 Confusion 

 Weight loss or weight gain of more than 3 Kg in the last year 

 Attention and/or concentration difficulties in school or kindergarten 

 The child has none of the above symptoms 

 

In general, how is your child's health in comparison to the condition before the Covid 19 

infection or prior to the Covid 19 outbreak in Israel ?: Same/Better/Worse 

 

Is your child on any chronic medications? Yes/No 

If yes, Is the child getting chronic medications for one or more of the following conditions? 

 Diabetes mellitus  

 Asthma or chronic lung condition 

 Chronic inflammatory or autoimmune condition 

 Oncologic disorder 

 Anxiety or depression 

 None of the above 

 

Does your child have or have an oncologic disorder? Yes/No 

For 15 years of age or older only: is your child smoking? Yes/No 

Was your child born in Israel? Yes/No 

Weight: ________   Height: ________ 
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We appreciate your cooperation! 

 

We want to emphasize that this questionnaire is for research purposes only. The answers to 

the questionnaire are not observed or transferred to medical personnel and are not a 

replacement for seeking medical advice. In case of symptoms that require medical attention, 

please see your treating doctor. 

 

We wish you good and full health! 

 

 

 

 

 

 

 

 

 

 

 
 

Page 30 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Table 1S. Univariate comparison of symptoms of patients with and without a history of SARS-CoV-2 infection, stratified by age and 

infection status 

 

 All participants Participants aged 5-11* Participants aged 12-18* 

 No 

history of 

SARS-

CoV2-

infection 

With a 

history of 

SARS-

Cov-2 

infection 

P-value No history 

of SARS-

CoV2-

infection 

With a 

history 

of SARS-

Cov-2 

infection 

P-value No history 

of SARS-

CoV2-

infection 

With a 

history of 

SARS-

Cov-2 

infection 

P-value 

 N= 2,092 

n (%) 

N= 1,148 

n (%) 

 n=1218 n=815  N=817 N=224  

No reported symptoms 1396 

(66.7) 

646 (56.3)  

<0.001 

831 (68.2) 450 

(55.2) 

 

<0.001 

508 (62.2) 88 (39.3)  

<0.001 

> 1 symptom 696 (33.3) 502 (43.7) 387 (31.8) 365 309 (37.8) 136 (60.7) 
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(44.8) 

> 5 symptoms 89 (4.3) 114 (9.9) <0.001 35 (2.9) 66 (8.1) <0.001 54 (6.6) 48 (21.4) <0.001 

Current health status 

compared to before 

illness/pandemia 

   worse 

 

 

 

113 (5.4) 

 

 

 

107 (9.3) 

 

 

 

<0.001 

 

 

 

47 (3.9) 

 

 

 

64 (7.9) 

 

 

 

<0.001 

 

 

 

66 (8.1) 

 

 

 

43 (19.2) 

 

 

 

<0.001 

Symptoms more prevalent in patients with a history of SARS-CoV-2 infection 

Headaches 114 (5.4) 211 (18.4) <0.001 56 (4.6) 155 (19) <0.001 58 (7.1) 56 (25%) <0.001 

Weakness 70 (3.3) 173 (15.1) <0.001 27 (2.2) 112 

(13.7) 

<0.001 43 (5.3) 60 (26.8) <0.001 

Fatigue 133 (6.4) 141 (12.3) <0.001 33 (2.7) 77 (9.4) <0.001 100 (12.2) 64 (28.6) <0.001 

Abdominal pain 79 (3.8) 109 (9.5) <0.001 49 (4) 87 (10.7) <0.001 30 (3.7) 22 (9.8) <0.001 
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Cough 49 (2.3) 101 (8.8) <0.001 32 (2.6) 73 (9) <0.001 17 (2.1) 27 (12.1) <0.001 

Myalgia  47 (2.2) 99 (8.6) <0.001 24 (2) 65 (8) <0.001 23 (2.8) 34 (15.2) <0.001 

Decreased smell sensation 4 (0.2) 67 (5.8) <0.001 1 (0.1) 31 (3.8) <0.001 3 (0.4) 36 (16.1) <0.001 

Decreased taste sensation 2 (0.1) 60 (5.2) <0.001 1 (0.1) 28 (3.4) <0.001 1 (0.1) 32 (14.3) <0.001 

Nausea 43 (2.1) 51 (4.4) <0.001 21 (1.7) 44 (5.4) <0.001 22 (2.7) 7 (3.1) 0.818 

Memory disturbances 18 (0.9) 51 (4.4) <0.001 13 (1.1) 33 (4) <0.001 5 (0.6) 18 (8) <0.001 

Dizziness 33 (1.6) 46 (4.0) <0.001 11 (0.9) 26 (3.2) <0.001 22 (2.7) 20 (8.9) <0.001 

Arthralgia  12 (0.6) 39 (3.4) <0.001 6 (0.5) 24 (2.9) <0.001 6 (0.7) 15 (6.7) <0.001 

Chest pain 13 (0.6) 31 (2.7) <0.001 5 (0.4) 16 (2) <0.001 8 (1) 15 (6.7) <0.001 

Dyspnea  20 (1) 31 (2.7) <0.001 8 (0.7) 15 (1.8) 0.013 12 (1.5) 16 (7.1) <0.001 

Increased heart rate  14 (0.7) 23 (2.0) <0.001 6 (0.5) 12 (1.5) 0.021 8 (1) 11 (4.9) <0.001 

Symptoms more prevalent in patients with no history of SARS-CoV-2 infection 
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Attention problems with 

school malfunctioning 

225 (10.8) 98 (8.5) 0.05 133 (10.9) 68 (8.3) 0.057 92 (11.3) 30 (13.4) 0.412 

Stress or increased worries 190 (9.1) 65 (5.7) <0.001 112 (9.2) 48 (5.9) 0.007 78 (9.5) 17 (7.6) 0.433 

Social problems 164 (7.8) 32 (2.8) <0.001 87 (7.1) 20 (2.5) <0.001 77 (9.4) 12 (5.4) 0.059 

Weight changes 143 (6.8) 43 (3.7) <0.001 71 (5.8) 25 (3.1) 0.004 72 (8.8) 18 (8) 0.789 

Sleep disturbance 103 (4.9) 34 (3.0) 0.008 47 (3.9) 20 (2.5) 0.082 56 (6.9) 14 (6.3) 0.768 

Symptoms with non-significant results      

Decreased mood 163 (7.8) 69 (6) 0.064 69 (5.7) 40 (4.9) 0.458 94 (11.5) 29 (12.9) 0.560 

Rash 18 (0.9) 13 (1.1) 0.455 11 (0.9) 9 (1.1) 0.652 7 (0.9) 3 (1.3) 0.699 

Visual disturbance  22 (1.1) 14 (1.2) 0.727 12 (1) 6 (0.7) 0.557 10 (1.2) 8 (3.6) 0.024 

Hearing disturbances 7 (0.3) 0 (0) 0.056 4 (0.3) 0 (0) 0.102 3 (0.4) 0 (0) 0.602 

 

*children whose parents did not declare age were excluded from the age stratification 
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Table 2S. Multivariate analysis of children with a history of SARS-CoV-2 infection who 

reported at least one symptom of long COVID-19 

 

Variable  Odds Ratio (95% Confidence 

interval) 

P value 

Age † 1.08 (1.03, 1.14) 0.001 

Sex (female) † 1.12 (0.84, 1.48) 0.442 

Time from illness † 0.95 (0.86, 1.05) 0.311 

Symptomatic COVID-19 † 4.41 (3.27, 5.94) <0.001 

Vaccination against 

COVID-19 † 

0.87 (0.58, 1.31) 0.512 

 

† Symptomatic disease, age, sex, time from illness, and vaccination status were entered with 

ENTER method 

(*) The presence of diabetes mellitus, asthma, auto-immune disease, a history of malignancy, 

and native-born were entered with the FORWARD method. None were found significant and 

entered the final model.   
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Table 3S. Multivariate analysis of children with a history of SARS-CoV-2 infection who 

reported their overall health state is worse than before the illness  

 

Variable  Odds Ratio (95% Confidence 

interval) 

P value 

Age † 1.06 (0.96, 1.16) 0.257 

Sex (female) † 1.06 (0.60, 1.88) 0.833 

Time from illness † 0.94 (0.77, 1.16) 0.579 

Symptomatic disease † 1.93 (0.93, 4.04) 0.079 

Vaccination  1.25 (0.59, 2.65) 0.556 

fatigue 9.71 (5.58, 16.87) <0.001 

Weight changes 4.75 (1.92, 11.76) <0.001 

Decreased social function 4.58 (1.64, 12.77) 0.004 

Dyspnea ‡ 3.35 (1.16, 9.63) 0.025 

Increased stress  2.97 (1.37, 6.43) 0.006 

Dizziness 2.75 (1.17, 6.49) 0.021 

Headache ‡ 2.70 (1.52, 4.80) <0.001 

Attention disturbances 

with impact on 

functioning in school 

2.19 (1.12, 4.26) 0.022 

 

†age, sex, time from illness, symptomatic disease, and vaccination status were entered with 

ENTER method 

‡ Long COVID-19 symptoms (fatigue, decreased smell sensation, decreased taste sensation, 

headache, dyspnea, myalgia, cough, rash, nausea, weakness, depression, stress, memory 

disturbances, confusion, dizziness, sleep disturbances, arthralgia, abdominal pain, chest pain, 

increased heart rate, disturbed vision, hearing disturbances, weight changes, attention 

disturbances with impact on school and decreased social functioning) were entered with 

FORWARD method 
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STROBE (Strengthening The Reporting of OBservational Studies in Epidemiology) Checklist  

 

A checklist of items that should be included in reports of observational studies. You must report the page number in your manuscript 

where you consider each of the items listed in this checklist. If you have not included this information, either revise your manuscript 

accordingly before submitting or note N/A. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published 

examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web 

sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology 

at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 

 

Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Title and Abstract  1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract  

 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found   

 

Introduction  

Background/Rationale 2 Explain the scientific background and rationale for the investigation being 

reported   

 

Objectives 3 State specific objectives, including any prespecified hypotheses   

Methods  

Study Design 4 Present key elements of study design early in the paper   

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection  

 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up  

Case-control study—Give the eligibility criteria, and the sources and methods of 

case ascertainment and control selection. Give the rationale for the choice of 

cases and controls  

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed  

Case-control study—For matched studies, give matching criteria and the number 

of controls per case   

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable  
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8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group   

 

Bias 9 Describe any efforts to address potential sources of bias    

Study Size 10 Explain how the study size was arrived at    

Quantitative Variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why  

 

Statistical Methods 12 (a) Describe all statistical methods, including those used to control for 

confounding   

 

(b) Describe any methods used to examine subgroups and interactions    

(c) Explain how missing data were addressed   

(d) Cohort study—If applicable, explain how loss to follow-up was addressed  

Case-control study—If applicable, explain how matching of cases and controls was 

addressed   

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy   

 

(e) Describe any sensitivity analyses   

Results     

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 

eligible, examined for eligibility, confirmed eligible, included in the study, 

completing follow-up, and analysed 

 

  (b) Give reasons for non-participation at each stage    

  (c) Consider use of a flow diagram    

Descriptive Data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders    

 

  (b) Indicate number of participants with missing data for each variable of interest    

  (c) Cohort study—Summarise follow-up time (eg, average and total amount)     

Outcome Data 15* Cohort study—Report numbers of outcome events or summary measures over 

time   

 

  Case-control study—Report numbers in each exposure category, or summary 

measures of exposure   

 

  Cross-sectional study—Report numbers of outcome events or summary measures    
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  (b) Report category boundaries when continuous variables were categorized    
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Other Analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses   

 

Discussion    
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Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
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ABSTRACT

Objectives To estimate the prevalence of long-COVID symptoms in children with 

and without a history of SARS-CoV-2 infection and to evaluate factors associated 

with long-COVID. 

Design A nationwide cross-sectional study

Setting Primary care 

Participants 3,240 parents of children aged 5-18 with and without SARS-CoV-2 

infection completed an online questionnaire (11.9% response rate); 1,148 and 2,092 

with/without a history of infection, respectively.

Primary and secondary outcome measures Primary outcome was the prevalence of 

long-COVID symptoms in children with/without a history of infection. Secondary 

outcomes were the factors associated with the presence of long-COVID symptoms 

and with failure to return to baseline health status in children with a history of 

infection including gender, age, time from illness, symptomatic illness and vaccine 

status.

Results

Most long-COVID symptoms were more prevalent in children with a history of 

SARS-CoV-2 infection; headaches (211 [18.4%] vs. 114 [5.4%], p-value 

[PV]<0.001), weakness (173 [15.1%] vs. 70 [3.3%], PV<0.001), fatigue (141 [12.3%] 

vs. 133 [6.4%], PV<0.001), and abdominal pain (109 [9.5%] vs. 79 [3.8%], 

PV<0.001). Most long-COVID symptoms in children with a history of SARS-CoV-2 

infection were more prevalent in the older age group (12-18) compared to the younger 

age group (5-11). Some symptoms were more prevalent in children without a history 

of SARS-CoV-2 infection, including attention problems with school malfunctioning 

(225 [10.8%] vs. 98 [8.5%], PV=0.05), stress (190 [9.1%] vs. 65 [5.7%], PV<0.001), 
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social problems (164 [7.8%] vs. 32 [2.8%]), and weight changes (143 [6.8%] vs. 43 

[3.7%], PV<0.001) 

Conclusion

This study suggests that the prevalence of long-COVID symptoms in children with a 

history of SARS-CoV-2 infection might be higher and more prevalent in adolescents 

than in young children. Some of the symptoms, mainly somatic symptoms, were more 

prevalent in children without a history of SARS-CoV-2 infection, highlighting the 

impact of the pandemic itself rather than the infection. 
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Strengths and limitations of this study

 A nationwide coverage of participants. 

 A relatively large number of participants with a broad age range (5 to 18 years 

old).

 A comparison of children with or without a history of SARS-CoV-2 infection. 

 A relatively low response rate (11.9%) which may cause a selection bias.

 The responses were from a proxy (the parent) rather than the child itself.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has emerged in 

December 2019 and was declared a pandemic by the WHO in March 2020. Evidence 

emerged slowly but consistently about persistent symptoms following infection and 

the WHO defined the Post-COVID-19 condition (also known as long-COVID) in 

October 2021. (1) Reports were first made for adults,(2–4) and later evidence started 

to emerge regarding the existence of long-COVID in children and adolescents; the 

first scientific report came from Sweden with a case series by Ludvigsson, who 

followed five children with a potential long COVID syndrome.(5) First reports were 

primarily descriptive, with relatively small sample sizes and without a control 

group.(6) 

Behnood et al. performed a meta-analysis of controlled and uncontrolled studies 

regarding long-COVID in children and adolescents.(7) Among all studies, only five 

were controlled studies.(8–12) They found a higher prevalence of cognitive 

difficulties, headache, loss of smell, sore throat, and sore eyes in test-positive 

children. However, symptoms like abdominal pain, cough, fatigue, myalgia, insomnia, 

diarrhea, fever, dizziness, or dyspnea were not significantly increased in test-positive 

children in this study. Controversy later emerged when some of the largest studies 

about long-COVID in children and adolescents reported different results of 

prevalence of at least one long-COVID symptom with ranges varying between 1.8% 

to 61.9% (8–11,13-14). 

This study aimed to estimate the prevalence of long-COVID symptoms in Israeli 

children with and without a history of SARS-CoV-2 infection and evaluate factors 

associated with long-COVID and failure to return to baseline health status. 
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METHODS 

Study design and setting

We designed a nationwide cross-sectional study using the centralized database of 

Maccabi Healthcare Services (MHS), the second-largest healthcare maintenance 

organization in Israel, which covers a quarter of Israel's population (2.6 million 

citizens). We sent an online questionnaire using text messages to parents of children 

aged 5-18 years old with a positive Polymerase Chain Reaction (PCR) test for SARS-

CoV-2 one to six months before data collection. In addition, we sent the questionnaire 

to a control group of parents of children with no positive PCR results (with a ratio of 

1:2). We asked parents to choose one child per family and answer the questionnaire 

according to his or her health status (The questionnaire is available, supplementary 

material – part A). The questionnaire did not include questions about other infections. 

Informed consent was given via the online questionnaire. 

Variables

Demographic and medical variables included age, sex, native-born, height, weight, 

and the presence of any chronic illness (including diabetes mellitus, asthma, 

inflammatory disease, oncologic disease, anxiety, or depression). COVID-19-related 

variables included details about the acute illness, including the date of illness, 

presence of any symptoms (without mentioning which ones), whether the child was 

admitted to a hospital due to COVID-19, and if so, whether oxygen supply was 

warranted, and vaccination status against COVID-19. The last section included 

questions regarding the presence of Long-COVID symptoms (including physical and 

mental health symptoms, long-COVID symptoms were defined as symptoms lasting 

more than 4-weeks) and asked parents whether the overall health status of their 
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children is worse, the same, or better than their baseline health status. We chose to 

refer to these symptoms as long-COVID symptoms in both groups for reasons of 

clarity, although long-COVID does not exist in the control group. The questionnaire 

was created by the authors of this study related to most symptoms reported in the 

literature. 

Statistical analysis

Sample size calculations – to show a difference of relatively rare symptoms, we 

assumed a prevalence of 0.5% in children without and 3.5% in children with a history 

of SARS-CoV-2 infection. To show a significant difference with a power of 80% and 

alpha of 5% with a 2:1 ratio, we needed at least 275 in children with, and 550 in 

children without a history of SARS-CoV-2 infection. We assumed a prevalence of 5% 

in children without and 10% in children with a history of SARS-CoV-2 infection for 

more prevalent symptoms. In the same terms, we needed at least 341 in children with 

and 682 in children without a history of SARS-CoV-2 infection. 

Descriptive statistics were used for all variables, with absolute numbers and 

percentages for categorical variables and mean and standard deviation for continuous 

variables. First, we performed univariate analysis to all long-COVID symptoms and 

compared children with and without a history of SARS-CoV-2 infection using the chi-

square test. We then performed the same analysis with age stratification (ages 5-11 

and 12-18). Next, we performed two sets of multi-variable tests to examine which 

factors were associated with having at least one long-COVID symptom and which 

factors were associated with worse health status than baseline health status. Both 

analyses were made using a logistic regression analysis with two blocks, the first 

using all variables (the ENTER approach) for baseline characteristics and forward 

stepwise selection for more elaborated variables. Last, we performed a univariate 
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analysis of the differences between parents of children who did and did not answer the 

questionnaire. We used the Statistical Package for Social Sciences (SPSS) software 

version 28 for data analysis. 

Ethics statement

The MHS Institutional Review Board (IRB) approved this study (ID 0169-20-MHS).

Patient and public involvement

No patients involved. 

RESULTS

Study population 

In December 2021 and January 2022, we sent the online questionnaire to 27,240 

parents of children (8,550 of parents had at least one child with a history of SARS-

CoV-2 infection). In Israel, all formal testing (PCR / antigen) are reported and 

documented in the central database of each HMO. Home antigen tests were available 

in Israel from January 2021; however, to get a formal certificate of recovery, all 

people had to have a formal test. Thus, most patients with SARS CoV-2 infection had 

a formal test. 

 3,240 parents answered the questionnaire and agreed to participate in the study 

(11.9% overall response rate, 13.4% in children with and 11.2% in children without a 

history of infection). Of all respondents, 1,148 children had a history of SARS-CoV-2 

infection, and 2,092 children had no history of SARS-CoV-2 infection. The average 

age of children with and without a history of SARS-CoV-2 infection was 10.8 and 

9.5, with 731 (63.7%) and 1,282 (61.3%) females, respectively (Table 1). 
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Table 1. Characteristics of children with and without a history of SARS-CoV-2 

infection

Children with a history 

of SARS-CoV-2 infection

Children without a 

history of SARS-CoV-2 

infection

N=1,148 N=2,092

Age, mean ± standard 

deviation

10.8 ± 0.08 9.5 ± 0.09

Background variables n (%) n (%)

Females 731 (63.7) 1,282 (61.3)

Native born 931 (81) 1,635 (78.1)

Any regular medications 88 (7.7) 188 (10.6)

Diabetes mellitus 4 (0.35) 4 (0.2)

asthma 20 (1.7) 21 (1)

Inflammatory / immune 

disease

6 (0.5) 17 (0.8)

Depression / anxiety 9 (0.8) 18 (0.9)

A history of any oncologic 

disease

2 (0.2) 4 (0.2)

COVID-related variables n (%) n (%)

At least 1 vaccination 172 (15) 1424 (68)

Symptomatic COVID-19 720 (62.7)

Hospitalization due to 

COVID-19

4 (0.3)

Time since COVID-19 

infection (months)

   Mean ± SD

   Range

4.39 ± 1.5

Range: 1-12 months 
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Parents of children who did or did not fill the questionnaire were different in a few 

aspects (Table 2); among the respondents, more were females, in higher age groups 

and were non-Arab and non-Orthodox Jews. 

Table 2. Characteristics of parents who did or did not respond to the 

questionnaire

Respondents

(N=3,778)

Non-respondents

(N=23,469)

P value

n (%) n (%)

Females 2,310 (61.1) 12,570 (53.6) <0.001

Age

   <24

   25-34

   35-44

   45-54

   >55

1 (0.03)

221 (5.8)

1,441 (38.1)

1,749 (46.3)

366 (9.7)

9 (0.04)

1,961 (8.3)

9,216 (39.3)

10,080 (42.9)

2,203 (9.4)

<0.001

Sector 

   Orthodox-Jewish

   Arab

   All other

115 (3)

109 (2.9)

3,554 (94.1)

841 (3.6)

1,912 (8.1)

20,716 (88.3)

<0.001

Of all children with a history of SARS-CoV-2 infection, 720 (62.7%) had 

symptomatic COVID-19, four were hospitalized due to COVID-19 (0.3%), and 1 

needed oxygen supply. The mean duration between infection and answering the 

questionnaire was 4.4 months. Overall, 696 (33.3%) children without and 502 

(43.7%) children with a history of SARS-CoV-2 infection reported at least one 

symptom (PV<0.001) and 89 (4.3%) children without and 114 (9.9%) children with a 

history of SARS-CoV-2 infection reported at least five symptoms (PV<0.001). In 

addition, 113 (5.4%) children without and 107 (9.3%) children with a history of 
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SARS-CoV-2 infection reported an inability to return to their baseline health status 

(PV<0.001) (Table 3).  

Table 3. Univariate comparison of symptoms of patients with and without a 

history of SARS-CoV-2 infection

No history of 

SARS-CoV2-

infection

With a history 

of SARS-Cov-2 

infection

P-

value

N= 2,092

n (%)

N= 1,148

n (%)

No reported symptoms 1396 (66.7) 646 (56.3)

> 1 symptom 696 (33.3) 502 (43.7) <0.001

> 5 symptoms 89 (4.3) 114 (9.9) <0.001

Current health status compared to 

before illness/pandemia - worse 113 (5.4) 107 (9.3) <0.001

Symptoms more prevalent in patients with a history of SARS-CoV-2 infection

Headaches 114 (5.4) 211 (18.4) <0.001

Weakness 70 (3.3) 173 (15.1) <0.001

Fatigue 133 (6.4) 141 (12.3) <0.001

Abdominal pain 79 (3.8) 109 (9.5) <0.001

Cough 49 (2.3) 101 (8.8) <0.001

Myalgia 47 (2.2) 99 (8.6) <0.001

Decreased smell sensation 4 (0.2) 67 (5.8) <0.001

Decreased taste sensation 2 (0.1) 60 (5.2) <0.001

Nausea 43 (2.1) 51 (4.4) <0.001

Memory disturbances 18 (0.9) 51 (4.4) <0.001

Dizziness 33 (1.6) 46 (4.0) <0.001

Arthralgia 12 (0.6) 39 (3.4) <0.001

Chest pain 13 (0.6) 31 (2.7) <0.001

Dyspnea 20 (1) 31 (2.7) <0.001

Increased heart rate 14 (0.7) 23 (2.0) <0.001

Symptoms more prevalent in patients with no history of SARS-CoV-2 infection
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Attention problems with school 

malfunctioning

225 (10.8) 98 (8.5) 0.05

Stress or increased worries 190 (9.1) 65 (5.7) <0.001

Social problems 164 (7.8) 32 (2.8) <0.001

Weight changes 143 (6.8) 43 (3.7) <0.001

Sleep disturbance 103 (4.9) 34 (3.0) 0.008

Symptoms with non-significant results

Decreased mood 163 (7.8) 69 (6) 0.064

Rash 18 (0.9) 13 (1.1) 0.455

Visual disturbance 22 (1.1) 14 (1.2) 0.727

Hearing disturbances 7 (0.3) 0 (0) 0.056

Long-COVID symptoms

The five most prevalent long-COVID symptoms reported by parents of children with 

compared to children without a history of SARS-CoV-2 infection were headaches 

(211 [18.4%] vs. 114 [5.4%], PV<0.001), weakness (173 [15.1%] vs. 70 [3.3%], 

PV<0.001), fatigue (141 [12.3%] vs. 133 [6.4%], PV<0.001), abdominal pain (109 

[9.5%] vs. 79 [3.8%], PV<0.001) and cough (101 [8.8%] vs. 49 [2.3%], PV<0.001) 

(Figure 1). Other more prevalent symptoms in children with a history of SARS-CoV-

2 infection were myalgia, decreased smell and taste sensation, nausea, memory 

disturbances, dizziness, arthralgia, chest pain, dyspnea, and increased heart rate (Table 

3).

Most long-COVID symptoms in children with a history of SARS-CoV-2 infection 

were more prevalent in the older age group (12-18) compared to the younger age 

group (5-11), including headaches (56 [25%] vs. 155 [19%], PV-0.05), weakness (60 

[26.8%] vs. 112 [13.7%], PV<0.001), fatigue (64 [28.6%] vs. 77 [9.4%], PV<0.001), 

taste (32 [14.3%] vs. 28 [3.4%], PV<0.001), smell (36 [16.1%] vs. 31 [3.8%], 

PV<0.001), myalgia (34 [15.2%] vs. 65 [8%], PV-0.002), decreased mood (29 
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[12.9%] vs. 40 [4.9%], PV<0.001) and attention (30 [13.4%] vs. 68 [8.3%], PV-

0.028). None of the symptoms were more prevalent in the younger age group (Table 

1S, supplementary material – part B; Figure 2).  

Symptoms more prevalent in children without a history of SARS-CoV-2 infection 

were attention problems with school malfunctioning (225 [10.8%] vs. 98 [8.5%], 

PV=0.05), stress or increased worries (190 [9.1%] vs. 65 [5.7%], PV<0.001), social 

problems (164 [7.8%] vs. 32 [2.8%]), weight changes (143 [6.8%] vs. 43 [3.7%], 

PV<0.001) and sleep disturbances (103 [4.9%], vs. 34 [3%], PV=0.008). All these 

symptoms were more prevalent in the older age group. However, in the older age 

group, all these symptoms were not significantly different between children with or 

without a history of SARS-CoV-2 infection (Table 1S, supplementary material – part 

B]). 

Symptoms which were not found significantly different between children with or 

without a history of SARS-CoV-2 infection include decreased mood (69 [6%] vs. 163 

[7.8%], PV=0.064), rash (13 [1.1%] vs. 18 [0.9%], PV=0.455, visual disturbances (14 

[1.2%] vs. 22 [1.1%], PV=0.727) and hearing problems (0 [0%] vs. 7 [0.3%], 

PV=0.056). 

Multivariate analysis

Factors associated with at least one long-COVID symptom include older age and a 

history of symptomatic COVID infection. Each one-year increment in age increases 

the risk in 8% (odds ratio [OR] 1.08, 95% confidence interval (CI) 1.03-1.14, 

PV=0.001). The history of symptomatic COVID infection increases the risk 

substantially, OR-4.41, 95% CI 3.27-5.94, PV<0.001) (Table 2S, supplementary 

material – part B). 
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Failure (or inability)  to return to baseline health status in children with a history of 

SARS-CoV-2 infection was associated with fatigue (OR-9.71, 95% CI 5.58-16.87, 

PV<0.001), weight changes (OR- 4.75, 95% CI 1.92-11.76, PV<0.001), decreased 

social functioning (OR-4.58, 95% CI 1.64-12.77, PV=0.004), dyspnea (OR-3.35, 95% 

CI 1.16-9.63, PV=0.025), increased stress (OR-2.97, 95% CI 1.37-6.43, PV=0.006), 

dizziness (OR-2.75, 95% CI 1.17-6.49, PV=0.021), headaches (OR-2.70, 95% CI 

1.52-4.80, PV<0.001) and attention disturbances with malfunction in school (OR-

2.19, 95% CI 1.12-4.26, PV=0.022) (Table 3S, supplementary material – part B). 

Age, gender, time from illness, symptomatic disease, and vaccination status were not 

associated with not returning to baseline health status in test-positive children.

DISCUSSION

Principal findings

We conducted a nationwide cross-sectional study to assess the prevalence of long-

COVID symptoms reported by the parents of children with or without a history of 

SARS-CoV-2 infection. In addition, we evaluated the factors associated with the 

presence of any long-COVID symptom and not returning to baseline state of health. 

Children with a history of SARS-CoV-2 infection had significantly more physical 

symptoms, including headaches, weakness, fatigue, abdominal pain, cough, myalgia, 

decreased smell and taste sensation, nausea, memory disturbances, dizziness, 

arthralgia, chest pain, dyspnea, and increased heart rate. Children without a history of 

SARS-CoV-2 infection had significantly more functional symptoms, including 

attention problems with a malfunction in school, stress or increased worries, social 

problems, weight changes, and sleep disturbances. Almost all symptoms were more 

prevalent among the older age group than the younger age group. 
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Factors associated with at least one long-COVID symptom were age and symptomatic 

SARS-CoV-2 infection. Factors associated with not returning to baseline health status 

were long-COVID symptoms, including fatigue, weight changes, decreased social 

functioning, dyspnea, increased stress, dizziness, headache, and attention disturbances 

with malfunction at school. 

Strengths and limitations

The strengths of this study are its nationwide coverage, the relatively large number of 

participants, the comparison of children with or without a history of SARS-CoV-2 

infection, and the broad age range (5 to 18 years old). 

This study has several limitations. Firstly, its relatively low response rate (11.9%) and 

the cross-section design may cause a selection bias. Parents of children with more 

symptoms might respond more than other parents. Since parents could choose which 

child they report in the questionnaire, they might have chosen the child with the most 

symptoms. Secondly, the responses from a proxy (a parent) rather than the child and 

the potential for differential misclassification bias as parents to children with a history 

of SARS-CoV-2 infection may report more symptoms than children without a history 

of SARS-CoV-2 infection. These factors combined might have caused the reported 

prevalence of long-COVID symptoms to be higher than it is. Thirdly, this study 

represents only long symptoms related to the Delta and Omicron variants. Different 

variants might not have the same long-term influence on children. Fourthly, children 

without a history of SARS-CoV-2 infection might actually have an asymptomatic 

infection they were unaware of. This, however, gives us a conservative estimation of 

the difference between the groups. Fifthly, the questionnaire was built by the authors 

of this study and is not validated. This might also affect the results. In order to 

overcome some of the abovementioned limitations, especially the possible selection 
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bias, we have compared the parents who did and did not respond to our survey to 

reduce this possible selection bias.  

Interpretation

We report a high rate of at least one long-COVID symptom in both children with or 

without a history of SARS-CoV-2 infection (43.7% vs. 33.3). This is in line with 

other studies that found similar rates of long-COVID symptoms, including 35.4% vs. 

8.3% in the CLOCK study and 61.9% vs. 57% in the LongCOVIDKidsDK.(9,13) 

However, other studies reported much lower rates of having at least one long-COVID 

symptom, including Molteni et al. with only 4.4% after 28 days and 1.8% at 56 days, 

Radtke et al. with 4% vs. 2%, and Zavala et al. with 6.7% vs. 4.2%.(8,10,12) In Borch 

et al. study, the prevalence of long-COVID symptoms was 28%. However, the 

residual difference was only 0.8%, implicating a very low prevalence of long-COVID 

in children attributable to the infection itself (14).  These differences were addressed 

by Molteni herself and explained by some possible reasons; different study design, 

different response rates (and thus a better or worse representation of the entire 

pediatric population), gender imbalance, recall bias, and the higher awareness for this 

syndrome due to extensive media coverage (15).

The presence of at least five symptoms in our study is 9.9% vs. 4.3%, lower than the 

rate reported by the CLOCK study (23.7% vs. 3.8%). The age differences in both 

studies can explain this. The CLOCK focused mainly on adolescents, whereas our 

study age range was 5-18, with a median age of 10.8 and 9.5 in test-positive and test-

negative children, respectively.

The five most prevalent long-COVID symptoms reported by parents of children with 

vs. without a history of SARS-CoV-2 infection were headaches, weakness, fatigue, 

abdominal pain, and cough.  In Behnood et al.’s meta-analysis, headache, loss of 
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smell, sore throat, and sore eyes were more prevalent in test-positive than test-

negative children(7). However, abdominal pain, cough, fatigue, myalgia, insomnia, 

diarrhea, fever, dizziness, and dyspnea were similarly prevalent in both groups. It is 

important to note that the LongCOVIDKidsDK was not included in this meta-

analysis. In this study, the most prevalent symptoms were dyspnea, cough, sore throat, 

dizziness, and chest pain (13). Borch et al. reported that fatigue, loss of smell and 

taste, muscle weakness, chest pain, dizziness, and respiratory problems were the most 

reported symptoms (14). The symptoms in children are similar to the symptoms most 

commonly reported by adults. This includes weakness, general malaise, fatigue, 

dyspnea, arthralgia, and headache (16–19).

Interestingly, our study found that some symptoms were more prevalent in children 

without a history of previous SARS-CoV-2 infection, including attention with 

malfunction in school, stress or increased worries, social problems, weight changes, 

and sleep disturbances. These are all functional complaints that may reflect life's 

impact during the pandemic on children. Notably, no significant difference in these 

symptoms existed in the older age group in adolescents with or without a history of 

SARS-CoV-2 infection. This is in line with the results of Blankenburg et al., which 

reported a lack of differences in neurocognitive, general pain, and most mood 

symptoms with a very high rate of reported symptoms (at least 35%) regardless of 

serostatus (11). It is also in line with Borch et al., that reported concentration 

problems to be more prevalent in children without a history of infection (14). This 

highlights the impact of the pandemic itself, rather than being infected, as a significant 

source of stress, decreased mood, and poor quality of life for children and 

adolescents.(20–23)  
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 We found that the presence of any long-COVID symptom was associated with older 

age and a history of a symptomatic disease but not with gender. Older age and female 

gender were associated with long-COVID symptoms in children and adolescents in 

most studies.(7,9–11)  In adults, risk factors for long-COVID symptoms include age, 

female gender, and the history of symptomatic disease. (24–26) 

Conclusion

This study suggests that the prevalence of long-COVID symptoms in children with a 

history of SARS-CoV-2 infection might be higher and more prevalent in adolescents 

than in young children. Some of the symptoms, mainly somatic symptoms, were more 

prevalent in children without a history of SARS-CoV-2 infection, highlighting the 

impact of the pandemic itself rather than the infection. 
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Figure 1. Rates of long-COVID symptoms in children with and without a history 

of SARS-CoV-2 infection

Long-COVID symptoms with insignificant differences are marked with an asterisk 

(*). 
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Figure 2. Rates of long-COVID symptoms in children with a history of SARS-

CoV-2 infection – a comparison between children aged 5-11 and adolescents aged 

12-18 

Long-COVID symptoms with insignificant differences between age groups are 

marked with an asterisk (*). 
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Long-COVID symptoms with insignificant differences are marked with an asterisk (*). 
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The questionnaires for parents 

 

Do you approve of the participation of your child in this research (Participation in this 

research means filling out this questionnaire only) Yes/No? 

Child's age _______ (Number between 5-18) 

Child's Sex: M/F 

 

Refers to a child with Covid 19 infection history: 

 

When did your child have Covid 19 infection? (Month/Year) 

During the Covid 19 infection, did your child have any symptoms? Yes/No 

During the Covid 19 infection, was your child admitted to the hospital? Yes/No 

If the answer is yes, was your child on respiratory support or admitted to PICU? Yes/No 

 

To Covid 19 recovered patients only: 

Does your child feel he fully recovered? Yes/No 

Do you feel your child fully recovered? Yes/No 

 

Below is a list of symptoms. 

Please mark if your child has one or more of the following symptoms, more than he/she had 

before the Covid 19 infection? Or more than he/she had before the Covid 19 outbreak in 

Israel? 

[all with yes/no options] 

 Change in the sense of smell 

 Change in the sense of taste  

 Headache 

 Shortness of breath 

 Muscle pains 

 Cough 

 Rash 

 Nausea 

 Weakness 

 Dizziness 

 Joints aches 

 Abdominal Pain 
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 Chest Pain 

 Palpitations/Heart racing 

 Vision disturbance 

 Hearing disturbance  

 The child has none of the above 

 

In Addition, please mark if your child has one or more of the following symptoms than 

he/she had before the Covid 19 infection? Or more than he/she had before the Covid 19 

outbreak in Israel? 

[all with yes/no options] 

 

 Fatigue 

 Sleeping disturbances 

 Anxiety or excessive worrying?  

 Memory deterioration 

 Confusion 

 Weight loss or weight gain of more than 3 Kg in the last year 

 Attention and/or concentration difficulties in school or kindergarten 

 The child has none of the above symptoms 

 

In general, how is your child's health in comparison to the condition before the Covid 19 

infection or prior to the Covid 19 outbreak in Israel ?: Same/Better/Worse 

 

Is your child on any chronic medications? Yes/No 

If yes, Is the child getting chronic medications for one or more of the following conditions? 

 Diabetes mellitus  

 Asthma or chronic lung condition 

 Chronic inflammatory or autoimmune condition 

 Oncologic disorder 

 Anxiety or depression 

 None of the above 

 

Does your child have or have an oncologic disorder? Yes/No 

For 15 years of age or older only: is your child smoking? Yes/No 

Was your child born in Israel? Yes/No 

Weight: ________   Height: ________ 
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We appreciate your cooperation! 

 

We want to emphasize that this questionnaire is for research purposes only. The answers to 

the questionnaire are not observed or transferred to medical personnel and are not a 

replacement for seeking medical advice. In case of symptoms that require medical attention, 

please see your treating doctor. 

 

We wish you good and full health! 
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Table 1S. Univariate comparison of symptoms of patients with and without a history of SARS-CoV-2 infection, stratified by age and 

infection status 

 

 All participants Participants aged 5-11* Participants aged 12-18* 

 No 

history of 

SARS-

CoV2-

infection 

With a 

history of 

SARS-

Cov-2 

infection 

P-value No history 

of SARS-

CoV2-

infection 

With a 

history 

of SARS-

Cov-2 

infection 

P-value No history 

of SARS-

CoV2-

infection 

With a 

history of 

SARS-

Cov-2 

infection 

P-value 

 N= 2,092 

n (%) 

N= 1,148 

n (%) 

 n=1218 n=815  N=817 N=224  

No reported symptoms 1396 

(66.7) 

646 (56.3)  

<0.001 

831 (68.2) 450 

(55.2) 

 

<0.001 

508 (62.2) 88 (39.3)  

<0.001 

> 1 symptom 696 (33.3) 502 (43.7) 387 (31.8) 365 309 (37.8) 136 (60.7) 
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(44.8) 

> 5 symptoms 89 (4.3) 114 (9.9) <0.001 35 (2.9) 66 (8.1) <0.001 54 (6.6) 48 (21.4) <0.001 

Current health status 

compared to before 

illness/pandemia 

   worse 

 

 

 

113 (5.4) 

 

 

 

107 (9.3) 

 

 

 

<0.001 

 

 

 

47 (3.9) 

 

 

 

64 (7.9) 

 

 

 

<0.001 

 

 

 

66 (8.1) 

 

 

 

43 (19.2) 

 

 

 

<0.001 

Symptoms more prevalent in patients with a history of SARS-CoV-2 infection 

Headaches 114 (5.4) 211 (18.4) <0.001 56 (4.6) 155 (19) <0.001 58 (7.1) 56 (25%) <0.001 

Weakness 70 (3.3) 173 (15.1) <0.001 27 (2.2) 112 

(13.7) 

<0.001 43 (5.3) 60 (26.8) <0.001 

Fatigue 133 (6.4) 141 (12.3) <0.001 33 (2.7) 77 (9.4) <0.001 100 (12.2) 64 (28.6) <0.001 

Abdominal pain 79 (3.8) 109 (9.5) <0.001 49 (4) 87 (10.7) <0.001 30 (3.7) 22 (9.8) <0.001 
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Cough 49 (2.3) 101 (8.8) <0.001 32 (2.6) 73 (9) <0.001 17 (2.1) 27 (12.1) <0.001 

Myalgia  47 (2.2) 99 (8.6) <0.001 24 (2) 65 (8) <0.001 23 (2.8) 34 (15.2) <0.001 

Decreased smell sensation 4 (0.2) 67 (5.8) <0.001 1 (0.1) 31 (3.8) <0.001 3 (0.4) 36 (16.1) <0.001 

Decreased taste sensation 2 (0.1) 60 (5.2) <0.001 1 (0.1) 28 (3.4) <0.001 1 (0.1) 32 (14.3) <0.001 

Nausea 43 (2.1) 51 (4.4) <0.001 21 (1.7) 44 (5.4) <0.001 22 (2.7) 7 (3.1) 0.818 

Memory disturbances 18 (0.9) 51 (4.4) <0.001 13 (1.1) 33 (4) <0.001 5 (0.6) 18 (8) <0.001 

Dizziness 33 (1.6) 46 (4.0) <0.001 11 (0.9) 26 (3.2) <0.001 22 (2.7) 20 (8.9) <0.001 

Arthralgia  12 (0.6) 39 (3.4) <0.001 6 (0.5) 24 (2.9) <0.001 6 (0.7) 15 (6.7) <0.001 

Chest pain 13 (0.6) 31 (2.7) <0.001 5 (0.4) 16 (2) <0.001 8 (1) 15 (6.7) <0.001 

Dyspnea  20 (1) 31 (2.7) <0.001 8 (0.7) 15 (1.8) 0.013 12 (1.5) 16 (7.1) <0.001 

Increased heart rate  14 (0.7) 23 (2.0) <0.001 6 (0.5) 12 (1.5) 0.021 8 (1) 11 (4.9) <0.001 

Symptoms more prevalent in patients with no history of SARS-CoV-2 infection 
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Attention problems with 

school malfunctioning 

225 (10.8) 98 (8.5) 0.05 133 (10.9) 68 (8.3) 0.057 92 (11.3) 30 (13.4) 0.412 

Stress or increased worries 190 (9.1) 65 (5.7) <0.001 112 (9.2) 48 (5.9) 0.007 78 (9.5) 17 (7.6) 0.433 

Social problems 164 (7.8) 32 (2.8) <0.001 87 (7.1) 20 (2.5) <0.001 77 (9.4) 12 (5.4) 0.059 

Weight changes 143 (6.8) 43 (3.7) <0.001 71 (5.8) 25 (3.1) 0.004 72 (8.8) 18 (8) 0.789 

Sleep disturbance 103 (4.9) 34 (3.0) 0.008 47 (3.9) 20 (2.5) 0.082 56 (6.9) 14 (6.3) 0.768 

Symptoms with non-significant results      

Decreased mood 163 (7.8) 69 (6) 0.064 69 (5.7) 40 (4.9) 0.458 94 (11.5) 29 (12.9) 0.560 

Rash 18 (0.9) 13 (1.1) 0.455 11 (0.9) 9 (1.1) 0.652 7 (0.9) 3 (1.3) 0.699 

Visual disturbance  22 (1.1) 14 (1.2) 0.727 12 (1) 6 (0.7) 0.557 10 (1.2) 8 (3.6) 0.024 

Hearing disturbances 7 (0.3) 0 (0) 0.056 4 (0.3) 0 (0) 0.102 3 (0.4) 0 (0) 0.602 

 

*children whose parents did not declare age were excluded from the age stratification 
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Table 2S. Multivariate analysis of children with a history of SARS-CoV-2 infection who 

reported at least one symptom of long COVID-19 

 

Variable  Odds Ratio (95% Confidence 

interval) 

P value 

Age † 1.08 (1.03, 1.14) 0.001 

Sex (female) † 1.12 (0.84, 1.48) 0.442 

Time from illness † 0.95 (0.86, 1.05) 0.311 

Symptomatic COVID-19 † 4.41 (3.27, 5.94) <0.001 

Vaccination against 

COVID-19 † 

0.87 (0.58, 1.31) 0.512 

 

† Symptomatic disease, age, sex, time from illness, and vaccination status were entered with 

ENTER method 

(*) The presence of diabetes mellitus, asthma, auto-immune disease, a history of malignancy, 

and native-born were entered with the FORWARD method. None were found significant and 

entered the final model.   

Page 35 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Table 3S. Multivariate analysis of children with a history of SARS-CoV-2 infection who 

reported their overall health state is worse than before the illness  

 

Variable  Odds Ratio (95% Confidence 

interval) 

P value 

Age † 1.06 (0.96, 1.16) 0.257 

Sex (female) † 1.06 (0.60, 1.88) 0.833 

Time from illness † 0.94 (0.77, 1.16) 0.579 

Symptomatic disease † 1.93 (0.93, 4.04) 0.079 

Vaccination  1.25 (0.59, 2.65) 0.556 

fatigue 9.71 (5.58, 16.87) <0.001 

Weight changes 4.75 (1.92, 11.76) <0.001 

Decreased social function 4.58 (1.64, 12.77) 0.004 

Dyspnea ‡ 3.35 (1.16, 9.63) 0.025 

Increased stress  2.97 (1.37, 6.43) 0.006 

Dizziness 2.75 (1.17, 6.49) 0.021 

Headache ‡ 2.70 (1.52, 4.80) <0.001 

Attention disturbances 

with impact on 

functioning in school 

2.19 (1.12, 4.26) 0.022 

 

†age, sex, time from illness, symptomatic disease, and vaccination status were entered with 

ENTER method 

‡ Long COVID-19 symptoms (fatigue, decreased smell sensation, decreased taste sensation, 

headache, dyspnea, myalgia, cough, rash, nausea, weakness, depression, stress, memory 

disturbances, confusion, dizziness, sleep disturbances, arthralgia, abdominal pain, chest pain, 

increased heart rate, disturbed vision, hearing disturbances, weight changes, attention 

disturbances with impact on school and decreased social functioning) were entered with 

FORWARD method 
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STROBE (Strengthening The Reporting of OBservational Studies in Epidemiology) Checklist  

 

A checklist of items that should be included in reports of observational studies. You must report the page number in your manuscript 

where you consider each of the items listed in this checklist. If you have not included this information, either revise your manuscript 

accordingly before submitting or note N/A. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published 

examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web 

sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology 

at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 

 

Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Title and Abstract  1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract  

 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found   

 

Introduction  

Background/Rationale 2 Explain the scientific background and rationale for the investigation being 

reported   

 

Objectives 3 State specific objectives, including any prespecified hypotheses   

Methods  

Study Design 4 Present key elements of study design early in the paper   

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection  

 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up  

Case-control study—Give the eligibility criteria, and the sources and methods of 

case ascertainment and control selection. Give the rationale for the choice of 

cases and controls  

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed  

Case-control study—For matched studies, give matching criteria and the number 

of controls per case   

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable  
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Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Data Sources/ 

Measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group   

 

Bias 9 Describe any efforts to address potential sources of bias    

Study Size 10 Explain how the study size was arrived at    

Quantitative Variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why  

 

Statistical Methods 12 (a) Describe all statistical methods, including those used to control for 

confounding   

 

(b) Describe any methods used to examine subgroups and interactions    

(c) Explain how missing data were addressed   

(d) Cohort study—If applicable, explain how loss to follow-up was addressed  

Case-control study—If applicable, explain how matching of cases and controls was 

addressed   

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy   

 

(e) Describe any sensitivity analyses   

Results     

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 

eligible, examined for eligibility, confirmed eligible, included in the study, 

completing follow-up, and analysed 

 

  (b) Give reasons for non-participation at each stage    

  (c) Consider use of a flow diagram    

Descriptive Data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders    

 

  (b) Indicate number of participants with missing data for each variable of interest    

  (c) Cohort study—Summarise follow-up time (eg, average and total amount)     

Outcome Data 15* Cohort study—Report numbers of outcome events or summary measures over 

time   

 

  Case-control study—Report numbers in each exposure category, or summary 

measures of exposure   

 

  Cross-sectional study—Report numbers of outcome events or summary measures    
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Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Main Results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which confounders 

were adjusted for and why they were included   

 

  (b) Report category boundaries when continuous variables were categorized    

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period   

 

Other Analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses   

 

Discussion    

Key Results 18 Summarise key results with reference to study objectives    

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias   

 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence   

 

Generalisability 21 Discuss the generalisability (external validity) of the study results    

Other Information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based   

 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in 

cohort and cross-sectional studies. 

 

Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this 

checklist as part of the main manuscript document. It must be uploaded as a separate file. 
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